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ABACUS. 

The abacus, or instrnment for counting, has been developed into many commercially useful 
forms, the more prominent of which are, mechanical devices, suoli as fture-counters, for checking the 
receipt of numerous small sums of money, revolution and speed counters necesaihited by the present 
extended use of machinery, and the slide rule. 

Fhre-Coanters, — ^The introduction of street tramway systems hns given impetus to inventive ideas 
as to methods of checking the amounts of the fares received by the conductor. Many of these 
inventions are merely duplications of former ideas; the illustrations in the subdoquent descriptions 
are therefore to be considered typical. Following the division laid down in the article on this 
subject contained in the first division of this Dictionary, the various typical inventions mav be con- 
sidered under the heads of Counters, Becording Counters, with C/ieck Systems, The last heud scarcely 
includes methods sufficiently related to Engineering to call for description in this work, and these 
may be but shortly dealt with. 

Check Systetns. — ^Cheok systems include the use of coupons, whether these are tickets numbered 
oonsecutively, or oounterdiscs variously engraved, or balls of ditTerent diameters. One of the 
simplest check systems is that introduced by J. Haworth, in 1867, the conductor being provided 
with a box containing coils of tickets oonsecutively numberod, each ticket being torn off wnen \i&\d 
for, or isisued to the passenger. Longer and shorter distances, to which correspond different fares, 
require a separate coil for each difference in fare. This system is the simplest mechanical ex- 
tension of the counterfoil check, wiiich leaves a foil in a ticket- book for every ticket, issued to a 
passenger. A modification of this plan was introduced by J. U. Betterley and W. Davidson, in 
1874, who devised that by the depression of a lever, a certain length of chemically prepared paper 
should be thrown forward from a box containing the roll. The piiper being prepared with nitrate 
of silver, or otherwise made sensitive to the action of light, became discoloured and could not be 
again used ; the length of the paper strip checked the amount of fares received. An improvement 
upon this roll-tioket system was invented in 1873, by J. T. Parlour, who attached to the spindle of 
the paper-roll suitable gearing in connection with an indicating or registering apparatus. 

Another species of check system is that in which counter-tickets variously engraved with the 
different distances or fares are employed, or instead of engraved tickets, tickets or balls of different 
sizes are used. Sometimes these representations of fares paid are dropped into a proper receiving 
chamber by the passenger, or by the conductor in presence of the peissi-nger. The modifications of 
this principle are very numerous, but none appear to have received general application, for which 
the reasons are sufficiently obvious. Analogous to this system is that of so-call^ safety fare-boxes, 
which are money-boxes with different compartments and openings for the receipt of the proper fares 
to be introduced by the passengers. In some cases these Doxes have been provided with apparatus 
to indicate whether the box has been inverted, for the purpose of abstracting money. An 
improvement on the foregoing principles was instituted by H. A. Walker, in 1872, in which the 
checks are enclosed in a tube or chamber, a handle drawn forward by the money-taker brings out 
the bottom check, and the number of checks issued is indicated on a counting apparatus. An 
improvement on the fare-box principle was Introduced in 1877 in England, as the invention of 
G. Beadle, of Ameiica ; in this the money or ticket dropped into the box is stopped in its passage 
by a slide, the withdrawal of which causes an alarm to sound and actuates a register. 

Other check systems have for their representative the way-bill, or paper form on which the 
inductor scores within the passenger's view the amount and number of fares he has received. To 
prevent fraud by the obliteration of these entries, a device was introduced in 1877, by Kennedy 
and Anderson, which consisted in placing the way-bill between two perforated hinged slabs of wood 
or iron, the way-bill being perforated to correspond with the perforations against which the price 
is marked, in the slabs, as the lares are paid. 

Simple Fare Counters or Indicators. — ^The earlier Inventions for checking the amount of fare paid, 
or to be paid, appear chiefly to be intended for application to cabs, eitlier to inform the hirer how 
much he ought to pay, or the distance he has traversed, or to inform the proprietors the distance 
the cab has run under hire during the day, and the amonnt due to them for fares. For these 
purposes, A. Sutton, in. 1862, devised an indicator with double set of index-hands, and a divided diul 
in gearing with the wheels of the cab. The mechanism, of the ordinary character obtaining in 
indicators driven by gearing, and consisting of a suitable train of wheels, is contained in a box 
or case mounted upon a shaft, so as to be capable of being turned to show the words Hired or 
For Hire. In the position when the word Hired is shown, the train of the indicator is thrown 
into gearing, and tne distance traversed by the wheel recorded ; bringing the words For Hire 
into Tiew, causes the indicator to be thrown out of action. As the passenger would desire to 
know the distance travelled, his interference would be sufficient guarantee to the proprietor that 
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the cab had not ran whilst tho words For Hire were shown. Tin's invention may be taken aa 
the type of a considerable number of deyioes for the same purpose. But for the purposes of indicating 
the nnrafier of persons entering vehicIeSf such as omnibuses and tram-cars containing more than one 
fare, some modification becomes necessary^ as the end reouired is nrt only the distance travelled, 
bat also to know the number of travellers. There appear tnree principles underlying the inventions 
for this pnr|)oso, that is, the inventor ha^ availed himself of the use of a turnstile at the entrance 
or exit, or at both, or of the use of a movable step, which, in connection with certain gearing 
recorded the act of stepping into and from the vehicle, or of a seat arranged so that the weight of 
tlie pna>«nger riiouM cause a record. In a few inventions thedo three principles are combined. 
The other metliods devised leave greater reliance to be placed upon the conductor's performance of 
his duty, and ss they are somewhat various are better separately described. 

In 1873, M. A. Weir introduced the use of a turnstile, a cam on the shaft of which communi- 
cates pressure to a bellows, and thus, by tubing, pneumatically conveys to a dial impulses, registering 
the number of turns caused by the entrances and exits of passengers. The indicator-dials are as 
numerous as there may be stations or differences of fare, and changes are effected by a worm-wheel 
in gearing with the wheels of the vehicle, so that shortly before arriving at a given station or 
d^istance, the proper dial is brought into play. In the case of tramways a rise or projection in the 
rood causes this change of indicator. In 1874, J. Robertson devised the improvement of a movable 
step, placed at such a height that the passenger is compelled to step upon it when entering or 
leaving the vehicle. By a simple shaft and mechanism, the depression of the step or platform is 
oommunicatiHl to a dial, upon which U indicated the number of depressions. As, however, indica- 
tion upon a dinl would be obviously inferior to a graphic or printed record, most inventors have 
turned their attention to the con^tniction of permanently reooraing instrumeuts, and these will be 
found described under the head of registering or recording counters. 

C-ountor!} actuated by the conductor or person in charge of the vehicle, mav be represented by 
tho invention of W. Thomas in 1867, in which an operating handle is plnoed at any convenient 
part of the omnibus, prefenibly at the back near to the step on which the conductor stands. From 
this handle motion is conveyed by roda to the registering apparatus, the indicating dials of which 
are placed in view of the passengers, and to a signal bell or gong. The operating handle is fitted 
in a tflot, and is pushed or made to slide to one end to register one ; a spring or Mlance weight is 
provided to bring it back into position for the next movement The motion being conveyed to the 
registering apparatus by shafting, a trigger or trip-piece there sounds a bell. This trigger takes 
into the teeth of a wheel on a bhaft, and causes both it and the shaft to make one-tenth of a 
complete revolution. '1 his shaft is in the centre of the registering apparatus, and is fitted with 
a ratchet wheel in which a pawl falls to prevent it from moving backwards. A disc on whieb 
numerals are formed, is also secured on the shaft, and moves with it, so that each suoceanve figure 
la made to move round opposite to a glazed opening large enough to allow only one figure to be 
tKn^n at a time. In 18G9, II. Orothe introduced a more oomplioated system of levers and dials, 
to indicate the changes arising from difference in fares. 

Rfijiiteritvj, or Jiecordiruj^ Fare- Counters. — In 1862, W. J. Curtis devised a cab-register, which 
includes a paeket of cards having printi'd on them a graduated diaL Each passenger receives a 
card, which in placed upon a revolving table in the reconling apparatus in connection with the 
wheels of the cab. Upon starting the card is punched, and upon removing it, it is again punched, 
and the distance between tho two nicks shows the distance travelled. The punch in the second 
nicking strikes out the centre of the card and discliarges this into a receiver. This punched-out 
portion beari) a count^n ^rt of the nicks on tho portion retained by the passenger, and therefore 
shows the amount of the fare chargiable to tho passenger. In 1803, l*. Oaakell invented a system 
in whi(*h motion is also taken from the wheels of the cab, to a toothed wheel turning freely on an 
axis, which panes through tho centre of a dial-plate, and has attached a hand or pointer. This 
axis carries at its otiier extremity a small punch, which is presented to a disc of paper cor^ 
rettpondtng to the dial-face. The punch pierces the paper at starting and stopping of the 
vehicle; and a radial movement given to tne punch prcvcuts its piercing the disc twice in the 
same place. In 18C7, W. Cooke devised a system, utilizing the three chief operating means or 
agents, the motion of tho vehicle itself, the weight of earh piiKsenger when seated, and the weight 
of each passenger whilst pa/^sing on to, or off from tho vehicle. Motion is taken from the hub of 
the «he<d, or from any other rotating part, and conveyed to a drum or roller. This drum or roller 
gives motion to a band of paper, on ahich the diagram or register is to be made bv a number of 
pencils, one of which is in communication with each seat. When a passenger sits down, the seat 
is deprchsed, and the motion communicated to the pencil to make or break contact of the pencil with 
the paper, and so make a line, either during the time the passenger is seated, or when the seat is 
unoccupied. In detail, the cushions of the seats are made air-tight, and each one is plaoed in 
ooromuQi(*ation with a small closed inflatable ball^ placed near the drum and paper. When a 
pa8s<>nger sits down, the cushion of the seat occupied is compressed, and the air forced therefrom 
Into tlie l>all or vessel, which is expanded ; this raises the pencil, which is balanced on a fixed joint, 
from contact with the )Miper,and so leaves the paper in bhmk as long as the seat is occupied. The 
moment tho seat is vacated, contact takes place, and a line or mark is made as long as the vehicle 
continues in motir>n. To provide a check, so as to show that contact was made or broken bv a new 
passenger, and not simply by the same passenger rising up and sitting down again, a movable step 
iscomitru' te<l on to which every pa^sengcr must tread on mounting, or leaving, the vehicle. The 
motion of the step is consequently compressed in, and transmitted by a cord, or other means, to 
produce on the paper a mark, or leave a blank. If at the time contact of the pencil and the puper 
tt made or broken, there is a m»rk or bhmk made or left by the moving of the seat, it is clear the 
fiasscngcr has left the vehicle, ev< n if the diaicram shows that the seat was taken immediately after 
being vacated. In 1875, J. T. King addetl to this system a method of interlocking the movable seats» 
so that the seats mt upon caunetl the unoccupied seats to rL^e ; and further recorded by a type-printer. 
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upon a pftpcr ribbon or strip, the number of the scat occupied. In 1877, G. F. Hayes introduced 
the use of a tornstile which, by gearing, communicates motion to tWo circular tables furnished with 
graduated indicator cards, one citfd indicating entrances, and the other exits. A travelling marker 
ia fitted above each card, and moves inwards radially a short distance, as the vehicle ia performing 
its journey, and when given distances are accomplished returning to its normal position. This 
return of the marker to its normal position, indicates commencement of a fresh section of tho 
journey and increment of fare. 

It IB worthy of notice, that notwithstanding the mechanical ingenuity displayed in these 
inventions, none seemed to have surmounted the practical difficulties sufficiently to have come into 
general use. 

Portable Fare-CotuUers, — ^The mechanical attachments to vehicles being cumbersome and ex- 
pensive, several inventors have sought to introduce recording ticket-punches, that either by a 
register, or by a store of punched-out pieces, ma^ serve to check the anK>unt of fares received. In 
1^3, N. Macphail introduced a hand apparatus, mcludiu^ a small bell and printing mechanism, in 
which the beU was to be sounded once for every penny paid. Thia idea received gi^ improvement 
in 1^74 in an invention introduced from America, where it had been extensively used. As its use in 
this country has been somewhat general on the tramway systems, the punch is described in detail. 

In Fig. 1, A is the upper, and B the lower handle of the mstrument^ hinged together and provided 
with an ordinary punch-tool. G is the case containing the bell and register medianism, on opposite 
aides of a partition. There are covers to thia cose. Register wheels are actuated by a stepped 
pawl, attached to the 
radial arm swinging 
on the arbor of the 
register wheels, and 
oonneeted with a pro- 
jecting nortion of the 
web of tne upper han- 
dle A by a project- 
ing pin. The pawl 
moves the register one 
degree each time the 
handles of the punch 
are closed. 

The general con- 
struction and opera- 
tion of the register 
mechanism is as fol- 
lows — 

The bell is secured 
to a stud on the inner 
side of the cover^ and 
I is the arm oi the 
bell-hammer pivoted 
to. the case G. The 
arm is provided with 
two secondary arms 
I*, arranged at right 
angles to the former, 

above and below its fulcrum t* ; j is a curved flat spring, secured to the case G at /, and bearing 
with its free end against the upper arm of the oeli-hammer, so as to hold the latter closed ; 
a cam is mounted loosely on the pivot t* of the bell-hammer, between the arm I of the latter, and 
the partition of the case G ; it is provided with a tooth h\ projecting under the portion of the upper 
handle A, and a smaller projection or tooth, arranged in rear of the tooth A*, while it carries on tho 
opposite side of the pivot i*, a shoulder engaged under the arm I of the bell-hammer, in the angle 
formed by the arm t* with the arm I. 

In closing the handles of the punch, the portion of the upper handle strikes the tooth A> of 
the cam, turning the latter on its pivot t*, and raising the hammer against the spring /, by means 
of the shoulder engaging under the arm I. When the movement of the handles is completed 
and the bell-hammer released, the latter and the cam are returned to their former position by the 
spring/, and the bell is rung. In opening the handles, the end of the portion of the web comes in 
contact with the tooth A> of the cam, and turns the latter slightly on its pivot, the shoulder having 
a littie play in the angle of the arms I and i\ to permit the cam to be so turned back. Tho punch 
being in position of Fig. 1, with the handles distended, the spring p, bearing against tho upper 
incline of the detent pawl, holds the lower tooth o' of the latter against the lower and upwardly 
inclined ratchet. 

In closing the handles in operating the punch, the detent pawl O slides over the ratchets until 
it comes in contact with the cam-tooth, which turns the pawl O on its pivot until the spring p^ 
which has pressed against the upper inclined side of the pawl, passes the apex, and engages agamst 
the lower incline, when the pawl O is shifted, so as to engage its upper tooth O^ with the upper 
series of ratchets. During the closing movement of the handles, the detent pawl O, being in con- 
tact with the lower series of ratchets, prevents any retrograde movement of the handles, until the 
closing movement is nearly completeo, and the register moved one degree, when the pawl is 
shifted as described, so as to clear the lower ratchet and prevent the handles opening. Hence an 
attempt to ring the bell without operating the register, by partially closing the handles and then 
suddenly releasing them, will be unsuccessful. 
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DariDg^ the last portion of the closing moTement of the handles, the portion of the web is 
6im-nfri'^*yd fr*pm the bell-hamnier and the bell rung^, the re;^ster h:iTing l»ecn mored one degree, 
arid k^.-k*:>l hx tl.e reBpectire detent pawl, a little before the bell ia mn^. In opening the handles, 
the ptiwl O hlideti over the upper eerieB of ratchets, and prevents in a timiUr m:inQer ihe ciosiDg 
until the liandl*^ are almost »>mpletely opened. This prevents the rinsing of the bt il by opening the 
liandJ^ to such a degree as to engage the hammer-pawl with thf* bell-hammer, but nf»t sufficient! j 
to CiiVLse the register-actuating puwl to engage over the next notch of the rej:i-ter wheel. During 
th<f last portion of the opening movement, the eam-tuoth oomes in contact with the upper tooth 
O* of the p^iwl O, and shifts the pawl to its natuial position, leaving the punch &ee fi*r a second 
operation. During the shifting of the pawl O, a t(«th comes in contact with the to»th of the cam, 
Bo tiiat the cum, wiiich has been slightly turned back during the openin? of the handles, will be 
returned to its former position, with the tooth A* projecting under the portion of the upper handle, 
ready fop a second closing of the handles. 

K is the receptacle for the pimch cuttings, secured to the underside of the jaw B of the punch ; 
it is of cylindrical or other suitable shape, and provided with a single aperture in itd side adjacent 
to the jaw B. 

When the person using the punch obtains access to the registering median i^ni. by picking the 
lock, and sets the liands back to the starting-point, for the purpose of retaining the number of 
fares, which ho cancels during the movement of the registering mei-hanism from the point on 
which it has been so p'aced' to the starting-point, the fraud is exposed by the wheel remaining 
stationary at the last notch before reachiBg the starting-point, thus indii-ating thiit*the full nuni))er 
of fiires whicii the apparatus is capable of registering has been cancelled, while a Ictsser number of 
fares is returned. 

A mollification of this invention was devised in 1874 by T. B. Doolittle, in which a serai- 
cylindrical barrel or tube contains a series of ratchet wheels liaving numbers on their faces, and a 
vertically moving spring bar or rod, provided at its upper end ^ith a spring hook or catch, which 
when the punch-bar is depressed takes hold of the first of a train of wheels, and turns the same 
one point at each stroke. The rod at the lower end is provided with another spring catch, for the 
purpose of operating a small striking hummer, so as to sound an alarm belL 

Recoiution and Speed Counters. — It is frequently of the highest im|ortance that the speed or 
number of revolutions in a given time, of an engine or otiier macliinery should be known or 
ascertainable with accuracy. In marine engines this is especially desirable, as well as in certain 
kinds of mills where uniform speed is a necessity. For a'.most all di scriptiuns of work, there 
is a certain speed at which the working results are highest, and it becomes important to the manu- 
facturer to maintain the speed, in order to avoid excess of 
wear and tear on the one hand, and secure a full return of work 
on the other. Although desirable in some cases, it is not 
necessary in all that tlie machine should record or register, 
and generally it is sufficient that the machine should show 
at a glance the rate of speed at that particular moment. It 
is almost universally the practice, to count the speed or num- 
ber of revolutions of ui enguae at so many in the minute, 




and this, if an ordinary counter were employed, giving merely the number of revolutions made sinoe 
a certain starting time, would necessitate reftMence to a clock or other mode of marking time. But 
in speed -counters generally, the practical difficulties that such a time-keeper would introduce, are 
obvuited by the adoption nf the principle of centrifugal force, as illustrated in the use of governor- 
balls. A counter or indicator on this plan was introduce<l by Sir D. L. Salomons in 1874, and is 
Hown in Fig. 2, in which a a are the spindle and sleeve of an ordinary governor, connected to tho 
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wheel d by the crank and rod b and c, which impart motion to the rack e, carrying a pointer ; and 
this indicfites the speed on the scale /. Such a machine indicates speeds not affected by any great 
Tariatioii with sufficient accuracy, but is not adapted to cases of fluctuation from low to high 
speeds. The same inventor also introduce<l three other forms of indicator. One of these was a 
laud of fan-blastf the pressure of air caused by the fan moving a piston against a spring, a pointer 
attached to the piston indicating the speed im a scale, the divisions of which muc»t be found by 
previous experiment. In another form, based on this principle, a curved, flattened tube, like an 
aneroid tube, is substituted for the piston and sprint;, the tube in uncoiling from the pressure 
of air within it actuating a crank and pointer. In a third form, Salomons causes a tube to rotate 
horizontally about the centre of its length, a small pipe from each end of the tube leading to a 
^lass tube placed in combination with a vertical spmdle. Tiie tube being filled with mercury, 
18 caused to rise by centrifugal force in this central tube, and the Leight of the mercury indi- 
cates the speed. M. A. Weir introduced in the same vear a modification of this centrifugal 
Srinciple, employing a vertical glass tube filled with liquid revolving on its longitudinal axis, the 
cpnestdon of the centre and rise of this liquid against the sides of the tube, indicating the speed 
on a scale parallel to the tube. R. H. Crickmer in 1874 devised an indicator which also con- 
trolled the action of the throttle-valve. In gearing witii the machinery, the speed of which is 
to be measured, is a vertical cylinder, revolving on its longitudinal axis within an outer fixed 
cylindrical case, between which and the inner cylinder is a small annular space, llie inner 
cylinder is continued at its lower end into a fiat hollow wheel, and the outer case conforms to 
this wheel ; the wheel is also perforated, so that by centrifugal force, mercury contained in the 
cylinder is forced up through the perforations in the wheel into the outer cylinder, according to tlie 
apeed. Upon the surface of the mercury in the cylinder fioats a hollow iron ball, which follows 
tne movements of the surface of the mercury. Attached to the ball is a vertical shaft in connection 
with suitable gearing, causing a pointer to move over a dial, and working. the throttle-valve by 
means of a rack and segmental lever. 

Fig. 3 is of a direct comparison counter, which consists in combining a wheel, rotated at regular 
intervals by a clockwork movement, with two sets of counting registers, which are alternately thrown 
into action. The principal inechanism of this counter is shown in Fig. 3. A is the wheel of a clock 
rotating in two minutes, or otiier fixed interval 

of time, and having its motion altogether inde- 8. 

pendent of the other niechanism. On the edge 
of this wheel are two indentations, a and u\ 
exactly at opposite sides; the indentations 
are abrupt on one side, and nso gradually 
with a curve on the other. Beneath the 
wheel is a lever B, pivoted at one end, and 
forced upward in contiiet with the wheel A, 
by a spring G at the other end. In the centre 
of thid arm or lever B, is a double knife-edge 
e, projecting above and below the lever, the 
upper side engaging with the wheel A, the 
lower side engaging with the vibrating arm 
D. The arm D is pivoted at its oentie on the 
pin d\ its lower end carries a shaft </, which 
receives its motion from the engine. Upon 
the end of this shaft is placed a ring of india- 
rubber m, to give a yielding presbure upon 
the registering wheels £H. Two spring 
bars, N k, are riveted to the arm D ; they 
pass upward at the rear of the disc-wheel 
A. The registering wheel E, having numbers 
placed around its periphery, turns freely on a 

oentre-pin. A pin A', projecting from tliis \^heel at the rear, acts as a stop to keep the figure 
always at the bottom, when the wheel is liberated to find its own position. U is a similar register- 
ing wheel, placed about one-sixteenth of an inch from the indiarubbor friction wheel m. P is a 
double-arm lever; its lower arm acts as a pawl, which falls into holes in the wheel E. It is moved 
at the proper instant of time by a pin projecting from the front of the wheel A. A similar 
double-arm lever B operates the wheel H. The clock being set in motion, the wheel A rotates 
once in two minutes. When it has arrived at the position shown, the lower knife-edge e is 
depressed so as to hold the friction wheel m against the wheel E, in which position it remains until 
the notch a' arrives at the knife-edge e. At this iubtant the pin, which projects at the front and 
rear of the wheel A, puts a tension upon the spring bar K, so that when the knife-edge falls into the 
notch a', the friction pulley m is forced over in contact with the wheel H, and then the knife-edge 
descends again, on the other side of the arm D ; thus the arm vibrates suddenly from one side to 
the other at fixed intervals of time. Now, supposing a rotating motion to be given to the wheel m 
by the engine, wliilst this wheel is in contact witii the regihter E, this register will continue 
to count until the wheel m is released from contact. When tiiis tokos place, the pawl P holds the 
register in position, and the pointer p' shows the number of revolutions made during the last minute 
U is counting, while £ is stationary. The instant before the minute is up, tlie pin projecting at 
the front of the wheel A, operates the pawl P, and liberates the register E, which is returned by a 
hair-spring S to its firot position, with at the bottom opposite the point P'. 

Indicatora have also been constructed upon the hydro-guvemor principle, in which a fiuid is 
injected into a tube by means of piston or rotary pump, and ejected tmrough suitable outlets, 
the speed being measured by the height of tlie water. Reynolds suggested in 1874 tiiut a wire 
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heoted by electrioity, the heat vuTiu^; with the Bqunra oF the amount of currunt, and thla with 
the DiimbeT of eleotiicBl oootaots established, ihoald cauie Iho expansion of a Eoataltic boi with 
whieh the wire <wnaecta, and so indicate tho spood bjr tlie amouDt of cxpaimion. 

Wattnihaut Tmin Spied' Rtcordtr. — For indioating the speed of loeomotive cnginoi tha Wcst- 
iughouM Tiua speed -Iodic* tor haa been very succemifullj used. It will nut only ahow tlie fpeni 
of* tniii atony given instant, but will aim allow of dingrums being takoo, reeordiug the fluctuations 
or diminQtlooi of tliat si>ceil caused by the application of Uic brake. It is shown in two rorma. 
Figs. 1 and 5 being intended for Bxing in a carriage or toq. and Fig, 6 Ix'ing ulapti-d fur use oa an 



engine, the pamps for mpplying water andiT prcuuro being in this latler cose emilled, and wattrr 
fur actoatiug the appurstui being drawn from the boiler. In other respccls, with the eiocptioD of 
Bomo minor details, the two furms are identical. 

The principle upon which the appamlns acts, consists la oontrollin)); the esopo of water ander 
pressure, by mains of a mall yalre loaded by the scliun of centrifugal force, the anaogemenl being 
■ucb that Uia higher the ipced at which the apparatus is driven, the grister will be liic pressnru 
eietled by certain rcToWing weights upon the escape-Talve. and the higher therefore the preainire 
maintained within the chamber wilh which thin ralvo communicales. Ibis chamber eonatsntiy 
rDcciringa snpply of water, either from pumps or frum the engine boiler. A pressure gango affixed 
to Ihc cbamber ontitaining ttie water under prcwnre, tbuji BSbnlt, by its indications, information aa 
to the speed at which the apparalui ia being driien. 

Referring lo Fl|{a. 4 and 3. it will be wH*n lliat the apparatus consists of a base A, forming a 
wHtcr-lank, tbere being bolti-d down to thio base a casting B carrying all the rest of the parts. To 
one side of the catting B is fixed a tubular axis, on whieb is mnuntul the pulley or easing C, 
■Iriven by a belt fiom anoUicr pulley on any convenient axle, core being taken, however, that the 
wheels un the axle ire not fitted with brake-blocks. Fiied to the pulley C is a pinion D, which 
KHin into a small spur-wht^ E, mounted on a spindle piovideil at its other end with a diso-onnk F. 
Frntn this crauk are led oflT two ennneeting rods O Q, which work small plunger pumps drawing 
wster from the waler-chamber A. The arrungeuient ii clearly shown in Fig. S, from which it will 
be iiern that tho pislonn Or thort plungers of the pump* are forced outwards by springs, so tliat 
the conuctiug rods work constantly in eoupteaaion, and the pniups can thus bo driven at a high 



Tho two pnmpfl deliver waler thmi];;h chunnelB an into the channt'l b, which U Gttet] with 
■ small spring loaded relief Talve, Fig. 4, this tbIto wh«n ope" uUowing any eircBS of water to 
escape Uirc)ngh the hole c bat-k into Iho water-chamber A. C<«nmunicutiDg witli the paasagm a a 
then) b also another channel d, Fig. 5. Thia passago is Sited with email check valve, and 



IhTODgh it tlie mter delivered from the pumps can Qow 
op to the socket e, into which the spring Bccumulat«r 
H, Fig. i, is screwed. This accnmulator censiats of an 
indiarubber diaphragm, having on its nnder side a small 
piston against which the water acts, while on its upper side 
IS another piston, forced downwards by a spiral spring. 
The lower piston has a small rod projecting from it, this rod 
being very aligtitly tapeied, and the water on leaving the 
accomnlator passing down around it to a channel //, lead- 
ing to a second accumnlator I. This I accumulator is similar, 
with the exception that it is disposed horizontally, inst««d 

of vertically, and by tite time the water reaches it, the polsatEoDS caused by the action of the 
pumps ore entirely destroyed. In I tho water may thus be considered to be contained at a 
steady pressure. 

nhca the iostrument is fixed on an engine, and the supply of water reqnired is drawn from the 
boiler instead of being supplied by ptunpa, the first nccumulator is dispraised with, as shown in 
Fig. 6. In this case, the water instead of entering the accumulator near the periphery, and 
escaping at the centre amund a needle nttoched to the ram, follows the opposite course, entering 
through the passage /, Fig. 6, passing into the accumulutur around the needle g', and escaping 
throDgh the passage n' to the regulatini; escape valve. 

Returning to Fig. i, it will be seen that the water can etcape from the second aroamnlator post 
the needle y into the passage A, which is connected by small holes with a recess i, covered by a thin 
indiarubber cliaphragm attached to the relief valve 4. The form of this valve is such that when 
raised from its seat, the water flows out through a central opvuLng in the valve into a small 
chamlier, from which it cnn return through a passage, shown in Fig. 4, into the water-reservoir A. 

It will be seen from Figs. 4 and 6, that tlio relief valve i has attached to it a rod I, which lakt« 
a bearing ugainnta small horizontal lover m. This lever in also pressed against at another point by 
the rod or epiudle o ; tho lever, Fig. G, is contained in a recess or mortice cut in a bur n, so that by 
turning the screwed caps with which the ends of this bar ate fitted, the lever cnn bo sliifted lon- 
gitudinally, and the ratio which the pressure cierled by tho spindle a, shall bear to that transmitted 
to the rod (, can thus be adjusted with great delicacy. 

The spmdie a extends tlirough llie tubular axis on which the pnlley C is mountod, and 
is pro»ided within that pulley with the grooved collnr p, which lolies nold of the shorter arms of 
the two bell-OTSuk levers g q. Tho other arms of these levers cariy small weights r r, and as tlie 
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polity C revolves, the cenirifagal force developed tends to spread these wei<;hta, and thus, thrcmgh 
the intervention of f he bell-cmnkB, exerts a pressnre longitudinally on the spindle o. But this 
spiudic transmits its nressuro through the lever m and rod I to the escape valve k, and thus the 
pressure with which tnis valve is loaded depends upon the centrifugal action of the weights r. 

The centrifugal force exerted hy the weights r, will vary as the squai^ of the velocity at which 
the pulley G is driven, and hence the pressure on the eacape valve k, will aldo vary as the square of 
the velocity of the pulley C, from which may be deduced the square of the velocity at wlueh the 
train is moving. But a constant supply of water is delivered to the accumulator I from the pumps, 
or from the engine boiler, as the case may be, and the pressure maintained within this accumulator 
is controlled by the load on the escape valve k, hence a pressure gauge placed in oommunicatlon 
with the accumulator I, will indicate pressures which are proportional to the squares of the speeds 
of the train. To connect it with the accumulator I, the pressure gauge is screwed into the sodcet t. 
Fig. 6. From the indications of this gauge, the speed of the train at any im»tant can be at onoe 
ascertained. 

To be able t^) take a diagram recording the decrease of speed afU r the application of a brake, 
the apparatus is fitted with attachments for connecting to it a suitable indicator. This indicator is 
connected at s. Fig. 6, at the same point as the prettsure gauge. Referring to Figs. 4 and 5, it will 
be seen that the pulley C has fixed to it a bhort worm, into gear with which the small worm- 
wheel u can be placed. Another worm r, on the same axis as the worm-wheel ti, drives another 
worm-wheel tr, and a slow motion is given to the disc from which the cord for moving the paper 
dram of the indiaitor is driven. A slow motion is thus obtained for the drum of the Indicator. 
The indicator employed is not shown, but it Ls similar to the ordinary steam-engine indicator, except 
that the paper drum is somewhat larger, its circumference being 12 in. 

If now the gear for giving motion to the paper drum be thrown into action, when the brake is 
applied, the pencil of the indicator being at the same time in contact with the paper, it is evident 
that as the speed of the train becomes reduced, the pencil of the indicator will fall, and this down- 
ward movement, combined with the rotary motion of the drum, will cause an inclined line to be 
traced on the paper, the height of this line above zero, at any given point, being a measuro of 
the^eed of the train, at the corresponding point of it^ forward movement. 

To explain this better, we reproduce to a reduced scale in Figs. 7 to 10 some diagrams taken by 
this apparatus on a train on the Pennsylvania Railroad, Pittsburg division. The train on which 
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tlioM experiments wore made weighed about 170 tons, and consisted of an engine and tender 
and six aoublo bogie-rars, the wliole of the wheels on tlie train, with the exception of thoi^ of the 
enKiue tnirk, lH*ing fitte<l with single brake-blocks actuated by the Westinghouse automAlio brake. 
The sfK^ed indicator during the trial roceivcnl its motion from the front axle of the engine, and the 
r.iHe or pulley C, Pigs. 4 to 0, containing the bell-cranks with the weighted arras, was driven so that 
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it made one revclatioQ for each 6 ft. of forward movement of the train. The paper drum of the 
indicator revolved once for every 1200 ft. of forward movement of the train. The instrument is, 
however, provided with spare gears so that a slower movement of the paper drum can be given if 
required. Of the diagrams annexed the three in the upper row correspond to stops made under 
the following conditions. 



Place where Stop was made. 



Turtle Greek, line level 

Brintons 

Brushton 






Sfieed In Miles 
an Hour. 



miles 
89 
84f 
31 



Distance Run 

after Application 

of Brake. 



ft 
412 
352 
260 



The four other diagrams in the third row refer to experiments, of which the particulars are as 
follows ; — 



1 

Place wbere Stop 
was made. 


AirPreesiue 

Pounds per 

Square Inch. 


ftxedin 

lilies 
an Hour. 


Distance 

Bun after 

Application 


Time 
making 

S*A*V 


Speed in Mllrs an Hour after Running 

the Subjoined Distances beyond 

Point of Application of the Brake. 




of Brakes. '^ 


100 ft. 200 ft 300 ft ' 400 ft 


600 ft 


WiUdnsburgh .. 
Hawkins .. 
Turtle Creek .. 
Walla .. .. 


lb. 
70 
85 
90 

85 


miles. 
26} 
40f 
37 
43f 


ft. 
205 
484 
364 
550 


sec. 
not tiikea 
14 
13 
15 


miles. 
22 
39 
34i 
42J 


miles. 

• • 

34 

27i 

38 


miles. 

29} 

19 

33 


miles. 

• • 

22 
26} 


miles. 

• • 
« • 

• • 

17f 

• 



The performance of the brake dtiring these trials was, as will be seen, admirable ; as we have 
already explained, heights in these diagrams represent pressures ia the accumulator of the speed- 
indicator, and these pressures again are proportioned to tne squares of the speeds. In the particular 
instrument, Figs. 4, 5, and 6, the square of the speed in miles an hour multiplied by O'Ol gives the 
corresponding pressure in pounds per square inch in the accumulator. It is thus easy to r^uce the 
pressure curves drawn by the Indicator to the equivalent speed curves, and this we have had done 
for the several experiments above referred to, eadi pressure curve having the corresponding speed 
curve shown below it 

It is evident that the curves drawn by the instrument, afford the fullest possible information 
respecting the action of the brake with wnioh the train is fitted. Thus not only do they show the 
distance run and the mean retarding force, but they also afford data for calculating the retarding 
force exerted at each part of the stop, and thus show whether the brake power was applied 
promptly, as it should be to obtain the best results, or whether it only came into action gradually, 
and thus involved a loss of time at the commencement of the operation, when the train was moving 
most quickly. 

Seirson'a Strophometer. — The employment of the governor action, as it is called, for the purpose 
of obtaining an indication of speedy dhb been repeatedly attempted, but hitherto without much 
success, and chiefly for the following reason ; almost all steam engines develop their power by a 
reciprocating motion, which by means of a crank is transformed into a circular one ; thus the 
turning effort not being uniform, produces an irregularity of motion, which is augmented by the 
inconstancy of the load, and subjects the engine to great and incessant fluctuations of speed, an 
exact indication of which would naturally result in an excessive oscillation of the pointer, and 
render the machine almost useless. This, the chief cause of fiedlure of previously invented 
machines, is in the strophometor overcome by the employment of a flywheel driven by friction in a 
peculiar way, the action of which ia to eliminate the smaller and more frequent variations of speed, 
which are only momentary, and obtain an almost constant velocity of rotation. The machine as 
manufactured by Elliott Brothers, of London, is illustrated in Fig. 11, and has a fixed vertical steel 
spindle. On the lower part of the spindle a pulley revolves freely. By means of the pulley, the 
motion, or a multiple of the motion to be indicated, is imparted to the instrument by means of a 
cord. Besting on the pulley, boss on boss, is a flywheel. When the pulley is driven by the 
engine, the friction between the two bosses helps to send the flywheel round; but in addition to 
this, friction from another source helps to propel it. The under face of the flywheel is recessed, 
and into the recess a pair of studs project up from the pulley. Connected to these studs bv light 
chains is a pair of weights which, when the pulley is in motion, press against the inside of the rim 
of the flywheel and act frictioually thereon, so as to make the flywheel revolve. With these 
driving arrangements, the inertia of the flywheel will prevent it from being too easily affected by 
changes of speed which are not persistent, and thas an almost constant velocity of rotation is 
obtained. The amount of steady motion thus imparted to the flywheel is measured ia the 
following way ;— Surrounding the spindle above the ny wheel is a heUcal wire spring, the bottom 
end fitting into the oil-cup of the flywheel, and the upper end being secured to a collar, which can 
slide up and down or revolve freely round the spinale. This collar is connected to the flywheel 
by four pairs of jointed links, carrymg bedls on tneir middle joints. When in motion these bells 
fly out, iod through the connection of the links compress the spring, until it measures the resolved 
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part of the oentrifagal foroo dae to the angular velocity. All that 10 left now in to indicate on an 
enlarged scale the position uf the boss, or compression of tlio spring. To do this, a liglit connecting 
rod from the boss works a toothed sector, which geitrs into a small pinion on an arbor carrying the 
pointer, nnd thus the moveuieut is conveyed to the pointer, which sweeps over tiie graduated and 



figured dial. 



11. 




With reHpc<ct to the length of the divisions of the dial oorrosponding to equal increments 
in vehx'ity, we observe that although the centrifugal force increases or diminishes when the speeil 
increases or diminishes, yet it is not a simple measure of the angular velocity; since it varies, as 
the product of the radius and the square of the angular velocity. We thus see that the centrifugal 
force or measure of the velocity increases much faster than the velocity itself, henoe, except under 
peculiar circumstmces, the scide of measurements must be a continually increasing one. Accord- 
ingly, on the dials of most revolution-indiattors we see the graduations for low speeds very close 
togetlier, and wide apart for high speeds. This, to some extent, impairs the efficiency, and lessens 
the range of the indication. An interesting feature of tlie strophometer is that its divisions are 
nearly all of equal length, produced Iw this combination of oireumstances. As the number 
of revolutions increases, the centrifugal force increases fh)m two causes, first, because the radius or 
distance of the balls from the axis increases, and secondly, because the square of the numl>er 
of revolutions incretuK>s. Opposing this there are two infiuenc<'S tending to lesson the efiect of the 
centrifugiil force. First, the more the spring is compressed, the greater ttie force n^sisting further 
oompremion, and, secon<lly, the more the boss or collar is deprc^ssed, the more obliquely the tension 
of the links acts in pulling it further down. These opposing actions so balance one another, that 
except at very low speeds, almost exactly equal changes m the position of the pointer correspond to 
equal changes in the number of revolutions. 

Tlie instrument is attached to the machinery, the speed of which it is intended to indicate, by 
means of a fine piece of gut or cord, which passes round a pulley on the revolving shaft, and round 
the pulley nt tiie iMittom of the strophometer. The diul is graduated, and a convenient multiple of 
the motion employed to suit the muxiiuum sixsed, and the range of s{ieed, which the machinery to 
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which it 18 attached experienoea, the strophometer not being allowed to revolve at a greater velocity 
than 500 revolutions a minute. Thud, If connected to an engine tlie maximum speed of which id 
100 revelations a minute, a multiplying gear of 5 would bo used. To facilitate its attachment to 
marine endues with large shafts, on which it would be inconvenient to place a pulley, a simple 
apparatus has been designed. It consists of a wooden rollerf which is kept pressed against a flanged 
coupling of the shaft by means of a spring, and the cord is let round a pulley, on the same spindle 
as the roller. It is so designed that it may be quickly withdrawn from the coupling and put out of 
gear, and any slackness of the cord can be easily taken np. When fitted to stationary and other 
engines^ of which the range of speed is small, say from 30 to 50 revolutions a minute, the whole of 
the circumference of the dial is divided into 20 spaces, which may be subdivided, and a very great 
delicacy of indication obtained. 

When used on locomotives, the cord should be let round a small pulley on tlie axle of the 
following wheels. The dial would, in this case, be g^radaatod to express miles an hour, and 
the size of the pulley employed would depend on the diameter of the wheels. For fast trains, 
which run great distances, this instrument would be invaluable as a means of obtaining punctualitv. 

The employment of a toothed sector, with a radial slot to actuate the pinion, allows of a ready 
method of adjusting the pointer to correctness. The dials are graduated during manufacture, the 
machine is then fitted with the appropriate multiplying gear, ascertained by moderately careful 
measurement, and exactness of inaication obtained by observation and adjustment when the 
engines are working. 

The instrument is very durable, all the working parts being provided with steel bushes. The 
lubricating arrangements are well considered; Uie bottom bearing, where only the friction is 
important, runs in a cup filled with oil. 

Elliott Brothers, of London, construct an indicator, illustrated in Figs. 12 and 13, for recording 
the number of reciprocal motions, which is based upon the following principles. The reciprocating 





motion of any convenient part of an engine or machine, is conveyed to a circular disc carrying a pin 
eccentrically. This pin actuates a rocking arm, which lies along the base-plate, carrying Uie centres 
for the arbiurs of a train of wheels, the arm being slotted and of sufficient width to allow of 
the arbors passing through it without interfering with its motion ; at the opposite extremity to that 
actuated by the eccentric pin the rocking arm is pivoted. Close to the eccentric pin the rocking 
arm is drilled out to receive a star wheel, and this star wheel is actuated by two teeth set upon the 
rooking arm. The star wheel carries on the same arbor a numbered disc, the figures on which appear 
before an orifice in the face-plate, as the star wheel is rotated by the action of the two teeth on the 
rocking arm shown in dotted lines Fig. 12. On the same arbor as the star wheel and numbered disc, 
is a disc carrying a single tooth, which at every tenth complete reciprocating motion, engages with the 
teeth of a second wheel and records tens, a similar wheel oonnectmg at the proper revolutions with 
the disc recording hundreds, and so on ; the counter recording from units to nundreds of thousands. 
Pocket JRecolution-Indioators. — Engineers frequently require to measure the number of revolutions 
of an engine or machine at times and in positions whero an ordinary revolution-indicator is not 
available. To meet this want there have been constructed small apparatus suitable to be carried 
in the pocket and easily applied to the extremity of a shaft or axle. One of the most commodious 
forms is that introduced by T. R. Harding & Don of Leeds, through Elliott Brothers, and illus- 
trated by Figs. 14 to 19. The mechanism, which is extremely simple, is enclosed in a cylindrical 
case of If in.' diameter by 1 in. depth. Across this cylinder or drum and bearing in its sides, 
runs an axle which projects through the sides of the case ; upon these projecting ends either 
a punch-head, Fig. 15, or a recessed bitt, Figs. 17 and 18, can be fitted, as it may be required 
to measure the velocity of an axle or shaft that has a flush end or a pointed end. Hard pres- 
sure is sufficient to cause the spindle of the counter, in either case, to revolve with the shaft. 
Upon the spindle of the counter is fitted eccentrically a star wheel. The spindle also carries four 
disc wheels loosely fitted, the peripheries of these wheels bear numbers, and are rimmed. The 
rims are toothed or notched, and upon one side of the rim of the first* wheel are notches cut so that 



one unit. Perallel to Ihe main spinrlTe a a second spindle carrying three wheels of eight teeth 
each, e>ery alternate tooth being of only lialf the width of the other four. Tbege three wheel* 
serve to oonnect, at the proper numbei of rovolutiona, the diso wheels on the main spindle ao as to 




record tens, hundreds, aod tbouBHods, and thia thej effect by locking Ihe two disc wheels togfUicr, 
bj one of the fonr teetli oF full width. ¥ot thia purpose, a single notch is proTidetl on ti.e other 
side of eaoh diac wheel, with two pin-teeth, raised Buffioieatl; to come into contact with and muTe 
the half-width tooth of the lookiiiK wlieel. The „. 

nunibcn on tlie rim are presented opposite to a 
face plate, whioh forms with a glass cover one end 
of the cylindrical case. The instrument records 
to within a unit of ten thousand. 

Another form of pocket counter has been intro- 
ducnl from Franco by John Browning, of London, 
and is shown in Figs. 20 to 24. It haa the excep- 
tional advantage that it can be inatanlly Bi>t bock 
to zero. On this account, and becauso the inalrn- 
mcnt has a separate set of figures for forward 
am) backward motions, the number of rcvolu- 
tJona made by a piece of machinery can bo read 
off without making a subtntctiim aum. Id addi- 
tion tc the steel bitts A and B, Figo. 21 and 22, 
uaually employed to communicate the motion of 
an aife to the counter, a little boxwood wheel C, 
Fig. 23. accompanies the counter. Tliia wheel is 
one-tonth of a yard in cirounirerencc, and can be 
em ployed to measure the forward motion of a 
pulley-bond, and for similar purpiiaos. A punch 
D, Fig. 24, Li occasionally required to moke a 
mall hole in an aile to receive the steel bitt; 
and ifa silk tliiead measuring exactly the length 
of the pendulum be altncheil to the punch as a 
bub, eadi OBcillation miirks a second, and by this 
meiina a minute can t>e counteil with much greater 
flocara^y than by a watch onproriiled with a 
eeooiid-hnnd. 

riie Slidt ifu/r.-Slido miesarea pnrelv acien- 
tiQo eitonsioD of the common abacus : they are 
constructed for variona kinds of calculation occur- 
ring In specisj buaioettMa. a* well as to aid in the 
onlinary Inbour of multiplioatiuD. division, pro- 
portion, and the finding of roots and powers of 
numbere. The timber meraliant, tie carpenter, 
and tlio ganger have rules divided to aniwertheir 
tpocial requirementa. but all of tlieso rules are 
baaed upon the lame principle as the common 
slide rule. Vo shall tnervlbru dcscrilie only the 
common slide rule. 

Many vecy oompreheDBivo worka linye been 
publinhed on the use of this iiistrament, which 
hicludo a number of arbitrary rules, far too nume- 
rons tn be aimnitlled to nicinory, and entailing 
more labour to be understood limn would be involved in the study of logaritbiut m hr as lo 
enable the student to becume lodependent of ruler and to work from tha midn pr noiplc*. A table 
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of logaritlmifl enables qb to do numerically what the slide rule acoomplishes mfichanically ; 
for instance, Ihe addition of logarithms is performed on the rule by the addition of two lengths, by 
the placing of the beginning of the slide at one number, and observing the sum indicated by the 
position of the other number. 

The common slide rule usually consists of an ivory or boxwood base which ia grooved down the 
centre, and in the groove is fitted a slide, the face of which is flush with the face of the body or 
basa There are thus fuur lines rendered available, namely, the two edges of the slide and the two 

fA 

IB 
edges of the groove. We will designate these lines, as is usual, by the letters | q, A and D will 

(d 

then be the upper and lower lines on the body of the rule, and B and C the upper and lower lines 
on the slide. 

The line A. — This line is usually divided into two radii. 

A rcuHns consists of a line, the length of which is determined by the length of the rule, divided 
into 1000 parts, but on the rule the figures between 1 and 10 appear at those divisions which mark 
the numbers corresponding to the logarithms of 2, 3, 4, and so on. Tlius, 1 commences the scale, 
2 appears at 301 divisions, 3 at 477 divitfions, 4 at 602 divisions, 5 at 699 divisions, 6 at 778 
divisions of the scale, and so on ; and the intermediate divisions appear at the places corresponding 
to the logarithms of the intermediate numbers. These lines are then divided logarithmically, the 
divisions bearing the natural numbers being at distances from 1 determined by the logarithms of 
those numbers. 

The line B is a duplicate of the line A, and the line G is generally also a duplicate. 

The line D in the common rules is generally composed of a single radius continued through the 
entire length of the rule, that is, the divisions on D are double the length of those on A, B, and G. 
G is generally termed the line of sqwiree^ and D the line of square roots^ because there are twice as 
many divisions on G as there are on D, or, in other words, the logarithms on G are twice 
the logarithms on D. Therefore when 1 on D coincides with 1 on G, the numbers on D coincident 
with those on G are the squ ire roots of those on G, and convereely the numbers on G coincident 
with those on D are the pou:era of those on D. 

Addition and Subtraction cannot be performed by tlie slide rule, which is a help to calculation only 
in so far ns loganthms are an aid. 

Midiiplication is performed on the slide rule by the addition of logarithmic lengths, the logarithmic 

sum or numerical products being obtained by the 1 on B being set below the {mStiDUcandi ^^ ^ 

the product appearing on A immediately above the ("multiDlier* } ^^ ^* "^^ setting out of the 

slide thus is in fact merely adding a given logarithmic len^h on B to a given logarithmic length 
on A whence at the sum of the lengths on A the product appears. To those to whom The 
elementary principles of logarithmic calculation are known, the explanation will bo evident 

Division is merely the operation of multiplication performed backwards; instead of adding 
logarithmic lengths, the logarithmic length representing the dividend, corresponding to the product 
in multiplication, has subtracted from it the logarithmic length of the divisor, the remainder being 
the logarithmic leng^ of the quotient. This is actually performed on the rule by taldng the 
dividend on A, beneath which is set on B the divisor, and the quotient appears on A above 1 on 
B. That is^ the logarithmic length represented on B by the length between 1 and the divisor 
is reckoned backwards, or subtracted, instead of being reckoned forward, or added, as in 
multiplication. 

Proportion. — A given ratio of logarithmic lengths being set up between the lines A and B, by 
shifting the slide as required, that ratio obtains for all numbers on the two lines. Thus if 2 on B 
be set under 1 on A, the four will appear under 2, the 10 under 5, and so on. 

Fhtctions are thus easily reducible to their lowest approximate or actual terms by the slide rule. 

The secret of success with the slide rule, as regards quickness and accuracy in manipulation, lies 
not only in understanding the principles of logarithms which underlie its use, but also in a careful 
considerution of the value of tJie numeration, as the figures may appear in the first or the second 
radius. This is easily explained as follows ; — It will be clear tliat if the 1 at the commencemeut 
of the rule and first radius be taken to represent unity, the 1 at the commencement of the second 
rudius will represent 10, and the 1 at the end of the second or commencement of a third radius will 
represent 100. If the latter be taken to represent 1, the second radius will represent tentlis, and 
the first hundredths ; and in like manner the value of the 1 at the commencement of the second 
radius, will be ten times that at the commencement of the first radius, and the one at the end of the 
second radius 10 times that at the commencement. 

The foregoing description, although short, contains sufiScient to enable the student to perform 
all common calculations. Where constants are emploved these will appear either as multipliers or 
divisors, and should be selected for placing on the slides A or B, so as to require as few as possible 
movements of the slide. 

Very many forms of slide rules have been devised. To obtain great length with compactness 
slide rules have been constructed circular, or the slide has been made a heUx working upon 
a cylinder, or the slide and the body have been replaced by two steel tapes drawn from a case, as in 
measuring tapes. 

The common slide rule constructed as described fails in readily a£fording means of ascertaining 
other roots than the square root and its derivatives. To obviate this the writer devised a 
modification, which is made by Aston and Monder, of London, and in which the line D is 
transferred to the place of the line G, and has substituted for it a line of equal parts, that is, a line 
of 1000 equal divisions. The nth root of a number being required, the number is found on the line 
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G, and the number coincident on the line D of equal parts gives the logarithm of this number. The 
nth part of this logarithm having been found by means of the lines A and B, above this nth part, 
taken on the line of equal parts, will be found the root required. 

Considering the small amoimt of labour involved, it is to bo regretted that the use of the slide 
rule is not more generally adopted. The calculations made by its aid are suflBciently accurate for 
most engineering work of a practical kind. The co-efficient of discharge in hydraulic measure- 
ments cannot be approximated within 10 per cent, under ordinary conditions ; the specific weight of 
iron varies 3 to 4 per cent. ; the breaking strain of iron admits of errors of at least 
5 per cent ; and in electrical calculations the writer has seen twice the amount of 
work obtained by a testing-room corps employing the slide rule instead of a table 
of logarithms. For commercial calculations the slide rule is not so well adapted, 
but it has met with extensive xxs^ in many colliery offices, for the purpose of check- 
ing calculations for wages. 

The ordinnry slide rule, the scale of which is one foot in length, admits 
of obtaining correct solutions to within one two-hundredth part of the whole. But 
Professor George Fuller has designed a spiral slide rule giving solutions within 
one ten-thousandth part of the whole. A slide rule to be efficient, so that calcula- 
tions may be made by it with ease and rapidity, and practically correct results 
obtained, should have the logarithmic scale of such length, that the space between 
any two consecutive numbers is large enough to be easily distinguished by the 
unaided eye ; the scale should be read by indices, and not as in the present rules ; 
and the number of divisions should be so great and distinctly marked, that the 
result to be obtained may be easily read and practically correct. This combination, 
it is believed, is attained in the spiral slide rule. This rule. Fig. 25, consists of a 
cylinder d, that can be moved up and down upon, and turned round, an axis /, 
which is held by a handle e. Upon this cylinder is woand in a spiral a single 
logarithmic scale. Fixed to the handle is an index 6. Two other Indices, c and a, 
whose distance apart is the axial length of the complete spiral, are fixed to the 
cylinder g. This cylinder slides in / like a telescope tube, and thus enables the 
operator to place these indices in any required position relative to d. Two stops/ 
one not shown in the Fig., and one at p, are so fixed that when they are brought in 
contact, the index h points to the commencement of the scale, n and m are two 
scales, the one on the piece carrying the movable indice.«, the other on the cylinder d. 
It will at once be seen that by this arrangement the logarithmic scale can be 
made of great length, and the instrument kept of a convenient size for use. It 
requires only one logarithmic scale, so that every inch of the spiral scale is equi- 
valent to two of the ordinary straight rule. The scale is made 500 in. long, and is 
therefore equivalent to a straight rule, 83 ft. 4 in. long. This allows of results being 
obtained to one ten-thousandth part of the whole ; and to produce an error of one part 
In 200 there must he, either in setting or rending, an error of one and one-tenth inch. 
Ct/chscope. — If a number of dots at equal intervals are viewed in a mirror, or 
through a lens attached to a tuning-fork, then, in virtue of the retention of images on the retina, 
the dots will appear as straic^ht lines when the fork is set in vibration. If motion is given to the 
dots at right angles to the direction of their images, the two combined rectilinear motions produce 
the appearance of a sinuous line, or wave form. The height of this wave will depend on the 
amplitude of vibmtion of the fork, while the wave length will depend on the relation of the speed 
of the dots to the period of the fork. If certain ratios obtain betwoun the velocity of the dots and 
the period of the fork, the waves will be stationary. If the velocity of the dots is slightly greater 
or less, the wave will be the same in form , 

as that which the exact ratio wonid give, jo. 26. 

but it will have a slow progressive motion. 
This pron^eseive motion will be in the 
same direction as that in which the dots 
move if their velocity is too gre4it, and in 
the reverse direction if it is too eninll. If 
the velocity of the dots is such that the 
time occupie<l by each dot in passing over 
the interval between two adjnotnt dots, 
in exactly equal to the period of one com- 
plete vibration, a single stationary wave 
IS produced. If two intervaltt are traversed 
in the same time, a oompouud double wave 
will bo obtained. More complex forms 
mny bo pr«Klured. By varying the velo- 
city of the dots, other waves can be ob- 
tained of ttio same form but of different 
lentrtiis. Thus if two complete vibrations 
take place in the time of pasHing of a dot 
over our interval, a new single wave is pro- 
duce<l. It renin inH to nhow how the above principles can be utilize<l. A practical difficulty arisen, 
however, in placing a series of dots rouiul a drnm. for instance, with a fork or reed vibmting sixty 
times a second, the |vrimeter of the drum would have to bo divided into 342-8571 intervalB. If» 
inhtioil <»f tloln, equi<liHtant lines are placed round a drnm, parallel to its axis, and are obeervwl 
through a slit attacheil to a fork, or ree<l, similar waves to thciso described are formed. A piece of 
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paper is prepared by ruling lines as in Fig. 26, irhich all convei^e in a point o, and pass through 
equidistant points on the line a 6, and a rectangular portion, c J0/, is cut out, the size of the latter 
being just sufficient to wrap round the drum. These lines, when viewed through the slit, act as an 
infinite series of dots equidistant, in each series. Thus, if the convergent lines are so drawn, that 
their intervals on ce are such as to suit the maximum velocity V, and the intervals on df, the 
minimum velocity to be measured, then between c e and df there will be positions which will 

five stationary waves for every velocity between V and v. Moreover, equal distances along the 
rum correspond to equal differencas of velocities ; thus, if V is siztv, and v twenty rotations a 
minute, the positions corresponding to velocities of 50, *lO, and 30 will be found by simply dividing 
c d into four equal parts, and by further subdivision the positions corresponding to all velocities 
between Y and v can be obtained. 

In the Cjcloscope, as at present constructed, a box a, Figs. 27 and 28, showing elevation and 
plan, containing a reed, to the tongue of which a piece of very thin zinc, with a fine slit, has been 
stildered, traverses on a slide in front of a drum carrying paper, ruled as described. Motion ia 
given by a hand-wheel 6, to a pinion c on 

the same axis, the pinion gearing into a m a?, 

rack attached to the slide d. A pointer jd, 
attached to the reed-box, indicates on a 
scale 8s the speed corresponding to any 
portion of the reed-box. A vernier might 
1x3 employed in place of the pointer /?, by 
which the primary divisions could be sub- 
divided into ten or a hundred parts. To 
make the waves more clearly visible, two 
small lenses eesjte employed, fixed in the 
front and back of the reed-box. The lens 
on the back of the box throws an image 
of the lines on the slit ; that in front mag- 
nifies this image, and thus parallax is 
avoided. In the early experiments, it was 
found difficult to keep up a sufficient 
supply of air to the reeil, without a con- 
siderable pumping power and large con- 
ducting tubes. By the utilization of the 
principle of the injector, or jet pump, this 
difficulty has been entirely removed. The 
air is supplied through a small flexible 
indiambber tube from a pair of foot-bellows. 
This tube terminates in a small glass tube, 
drawn out to leave a narrow jet 1| mm. in 
diameter. This fine jet is passed through 
a cork, fitted into a wide brass tube k, fixed 
into the lower part of the back of the reed- 
box. The lower part of the brass tube is 
cut away to allow free access to the sur- 
rounding air. Air, of pressure about equal 
to a column of water 20 or 25 cm. in 
height, is forced through the jet, and the 
reed vibrates perfectly, the mean pressure of air in the reed-box being only about equal to a 
column of water 1^ mm. in height. The graduation of the scale should be performed after the 
paper is mounted on the drum. The latter may be conveniently arranged, so that the centre line 
n o. Fig. 26, falls opposite the junction. The lines must now be counted round at any two inter- 
sections, and the period of the reed, sixty complete vibrations a second, being known, the velocities 
which are required to produce stationary waves at these two positions can be readily calculated. 
Two divisions on the scale being thus obtained, the remaining ai visions are found by subdivision. 

To make a reading it will be necessary to start the reed and to move the hand- wheel 6, until a 
stationary double wave is seen through the lenses e e ; the pointer will then indicate the speed 
of the drum. It has so far been assumed that the period of a fork or reed is absolutely constant. 
This is not the case, as the fork varies slightly with temperature, vibrating more slowly as the 
metal becomes warmer. In some experiments mude with tuning-forks a loss *011 per cent, 
per 1^ C. was observed. This would be too small to afiect the value of the instrument for prac- 
tical purposes, while, if it were employed for delicate investigations, a correction could readily 
be applied. Some interesting experiments have been made with discs on the principle of the 
thaumatrope. If a disc provided with radial slits is driven at a constant speea by clockwork, 
in front of another disc driven from any machine and provided with a ring of dots, and if K and 
n are the number of rotations of the clock disc and the other disc a minute respectively, S, the 

number of slits, d, the number of dots; then when a-— -tj ^ dots will be visible and stationary. 

Thus S and N bein^ given or assumed, <f can be obtained for anv assigned value of n. If the 
machine disc is running a little too fast for the above equation, the dots will appear to move slowly 
in the same direction as this disc; if too sluw, they will move in the opposite direction. To all 
rases where it is necessary to study carefully the working of a machine, the method of the Cycle 
scope can be applied with atlvantage, while its great elasticity permits it to be adapted to high or low 
speeds, long or short ranges of velocity, heavy engine inachinery, or light clockwork with equal facility. 
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10 AGRICULTUBAL IMPLEMENTS. 

AORICtTLTURAL IMPLEMENTS. 

J'lo-igha.—A (iIouRh haa to perrorra three prinaEpal fanctiona; — To cut the earth In a Tertioal 
plane, formia;- one of tho faops of the bund of tsrth to be raised. To make a horizDntal ent »•> a* 
to isolate tliia band of eartli. To turu over the band thus dttnched, in order to expose the freshly 
cut aurfaoei. 

To those three principal functione cornapond throe eanectal and essential parts of the plough'* 
nxK-h>iiiam, namelf , the coulter, the share, and the monld-buard. Tlie moaId-b<>anl, ai the lerm 
would iiulioste, was formerly of vonl. It ms first made of iron in I7&1 by Pmall, of Berwick- 
shire, Scotland. The other parts of the ploagh are accessory to these aclin;; parts, and consist of 
tlio beam, wilh or wilhont wheels, by which it is drawn, and tho handles by whii'li it is guided. 
In England plouf^hs are divided into two classes — ivi'ng ploughs which are without wheels, and 
wAm( ploughs whicli Ijave wheels before the ooidter for the purpose of guiding. The csoultor has 
been oonstrueied as a rutting wheel in adrancc. 

The follnwiug are the chief points to be attended to in the oonstruetion and management of a 
plough ; — The couller and sliare should be sharp, clean, and tapering. The mould-bnard deeigued 
to nise and turn tiie furrow-slice with as little friction as possible. The beam aminged so that the 
team may all pull in the line of draught, which should be straight angles to the homes' front. The 
laud siile, or part that in some ploughs pmascs ag.iinst the unploughtKl ground nnd serTes to slesdy 
the plough, should be parallel to Ihe draught line. The angular presentation of the ooulter should 
be 45°, which is also the angle at which the furrow-slice should be laid over. The di'plh and width 
of the furrow-slice should lie as 2 ; 8. 

Figs. 29 to 3.1 icpreeeDt difleient mode* of turning foraowa adopted in varioai soils. 



S3. Fig. 29 illaatrates the 

perfectly reetsagular furrow 
with Ihe bed level; Fi«. 30 
is ofacroated furrow; Fig.Sl 
a completely iorerted fur- 
row-slice : Fie. 32 shows Ihe 
eflect of ordinary plough- 
ing, here the furrow-slioe is 
broken ; Fig. 33 is of the 
reanlls of extra wide plough- 
ing, and has a broken furrow. 
All gnod eonstructora 
agree in placing the point of 
the ooulter in ad ranee, giving 
to it an angle of atnnt S0° 
to 35° wilh the tcrtical, so that in encountering an obstacle it may tend to raise the latter from 
its path with the least possible resislanro: the grcstrr the inclination of the conltcr the more 
the ploUKh tenda to enter the earth, and tliia giTcs to tbe plongh greater utabilily dnrin^ ib pro- 
gress. This explains why phiughoien prefer a straight coulter to one that is convex, which tends 
to throw itself out of the earth ; for sinuJar reasons a concave Coulter is to be aToided, Tbe section 
of a coulter through a plane perpendicular to its length presents the form of a triangle, the Iwo 
longest sides of wliicb inclode a very acute angle. Wi'll-mude conllera for aoiU of ordinary reaisl- 
anni are about t2j in. to 12* In. long, j in to { in. deep, and Vs >" I ■"- ^i'le at the side opposed 
to the cut near the point, sad |in. to f|iD.sl tliecnunertion witli llic lieam. TJiesediiacnsioiiB ara 
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with the length of the coulter and with the resistanoe of the soil. It is preferahle to give 
the coulter a meet simple form, such a0 that of a rectangle terminated by a curved point, increasing 
the depth of the plate proportionally to the effort to be supported by the different parts of the 
piece. If the coulter were independent of other pieces of the plougbu and had merely to cut homo- 
geneous earth which doeed after its passage, it is clear that the line Disectiiig the angle of the two 
forces of the coulter should be that of the direction of movement, but the coiuter does not act under 
tJiese conditions. The band of earth detached is pushed towards the right by the other parts of the 
plough, and exerts much less pressure on the right face of the coulter than does the firm earth on 
the left For this reason the cutting plane of the coulter is parallel to the plane of the body of the 
plough. In ordinary ploughs the point of the coulter is placed slightly above the point of the share, 
in order that the share may equally support the weight of the hand of earth, and afford equal pressure 
in the effort to raise tiie furrow-slice. These details show that the position of the coulter should be 
accurately regulated, and explain the necessity of fixing it by mechanical means susceptible of some- 
what fine adjustment, recognized in ancient ploughs in spito of their otherwise rough appearance. 
It is not here necessary to refer to the different means adopted to connect the coulter to the beam. 

The share is even a more important part of the plough than the coulter. The share acts so as to 
cut the soil horizontally and continuously, and from tltis point of view its functions, save in the 
direction of its work, is the same as that of the coultor. The reasons given to justify the oblique 
direction of the coulter relatively to the line of movement apply more strongly to the share. Inde^ 
by the best constructors tbe straight form of share is adopted. Tlie cutting angle of the share with 
the draught line varies little in the various ploughs. The ratio of the greatest width of the share to 
its length is ordinarily comprised between 1 to 3. The width of the share measured perpendicularly 
to the line of draught, that is to say the length of the sections practically under the soil, should in 
principle be precisely equal to the width of tiie band of earth or furrow-sUoe, and this is very nearly 
the dimensions adopted on the Oontinent, whilst English makers give generally less width to their 
shares. The shares of old ploughs are of chilled iron as to the cutter. Their form approaches that 
. of a right-angled triangle, of which the hypothenuse forms the cutter, and of which the long side of 
the ri^t triangle forms a kind of plate, by which it is fixed to the mould-board by bolts or rivets. Steel 
shares are, however, now generally employed, but chilled-iron shares have given excellent results. 
Shares should be cast with care from bronze models, in order that they may always be interchangeable. 

Figs. 34 to 43 are various forms of shares. Figa. 34 and 35 are for wide and deep work respec- 
tivoly. Fig. 36 is adapted for stony land. Fig. 37 is for crested work, Fig. 38 for work cut si^uare. 






Fig. 39 is a skim-coulter. Fig. 40 
is for subeoiling. Fig. 41 for ridging. 
Fig. 42 for setting out, and Fig. 43 
for paries down sidework. 

The object of the mould-board 
is to raise and turn over the furrow- 
slice detached by the combined ac- 
tion of the coulter and the share. 
This movement is completed in the 
length of the mould-board. The 
geometric form of this essential por- 
tion of the plough has received great study at the hands of mathematicians. Jefferson proposed to 
give the form of the hyperbolic paraboloid ; Lambruschtni, Ridolfi, and Gasparin prefer the form 
of the helicoid having for directrix the hori7X)ntal line, and for second directrix a quarter turn 
of a helix, of which this line would be tlie axis. But it is evident that the best form of mould- 
board will be determined to a great extent by the nature of the soil, and is not susceptible of 
purely mathematical calculation. The most practical view to be obtained on this subject will arise 
from the consideration of the furrow-slice as being under torsion. If this torsion be too great or 
the curve of torsion too dliarp and abrupt, the furrow-slice will be broken ; if it be not sharp 
enough, the plough will experience unnecessary resistance. The mean between these extremes 
will depend entirely upon the consistency of the soil, because a short torsion that would quickly 
throw aside a clayey soil of great cohesive power would completely break up a less coherent sandy 
soil. Thus a fair compari^on of two ploughs requires a profound knowledge of practical cultivntion. 

Regulators, — In order to regulate the depth to which the share »*hnll enter, there is applied to tho 
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KUHTtiad m thne or a wboeL In swing plouglu & >hoe ii 

-oir-wn-Kid cKTth, aida the ploaghmsn in maiDtaiiiiog an eyun deptb. in wbeel plonehs tbia ahoe 
If f>^:iM(id bj a wbeel or by two wheels, one of which runs on tha nnwark«d aoil, and the other in 
u.^ hto-mtde ftirrow. The means of adjuating these appliances for regnladng the depth of th« 
ionrir an Tcr; namsToos, bat are eaail; understood upon inspeotion. 

/ ■». 4 BruOe, MtgU, Cock, or Qeoit. — This ia tbo »timip<liaped piece to which the hemes' (cear 
V kita-iifd Vn the dnught of the plough, situated at the fiont extramitjr of the beam. It is pro- 
Tiuviwiihty>lM or indents for the reflating of the dnught line with regard to depth and direction 

f:-*-< Tmrk or Cttrriagt. — This is a frame montited on wheels, sometimes profided for the 
«am>^ qf the ploagh over stony roads, or plooea where the ahatoand ooiilt^r am likely to be injured. 

/- '.-A Ci- 'luT.— A kind of fork or spud attached to a long handle, with nhiob the ploughman 
«a7. df^krh w(ni«li from the share without leaving the handle of the ploueb. 

U'muhj'* single and doable ploughs eaoaist of a wooden beam with a steel or iron plate on 
ci-iov aie, secured to it by througb bolts. The skde or slipe and coulter are set toward* tbe 




ocntnl line of the brom. and the iipprr parts of the stems ore carved to allow of tlidr oontog to 

and resting agninst the outer side of the beam. This anaDKement gives great olouMce for 

mnnaro ond (?rtt«s or wopels to get away, and wlintcver passes back ov ' '" " 



ir end of the mould- 
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boaril drops oleai ftwm; iato the bottom of the furrow behind it. The futeniaKB which attach the 
plouKh-body and oonltei to the beam obd >1k) for thii reason be brought olooer ti^ther, and as 
the beam a oapabla of reaieting a great strain, the points of the coulter and Ebaie alwaTs remain 
approiimatelv oppotite one another, nbatcTer strain majr be put upon tha plough-handtea. In 
donble ploughs the additional beam for oarryiag the second plough U formed of trough iron. 
This additional beam ia carried by two holts, Mch having a broad collar to bent against the iron 
or steel plate of the main beam. The small Dumber of bolts gtveb great facility br shifting the 
beam towards or away from the main beam, and again securing it acoonliDg to the width of the 
furrow required. Figs. 44 and 45 are eleTation and plan of a aingle-fiirrow plougb ; Figs. i6 and 
47 of a double-furrow plougli. 

Howard and Boosaeld, of BedGsrd, have constructed a plough vhich can be converted into a 
donble plough wheo deiired, and in which every attempt has been made to seoure liglitnoss with 
rigidity. Pig. 48 is a plan of a single plough. Fig, 49illu8trates the oouTeniou into sdouble plough. 




Fig. 50 is a side elevation. A A are taper bars of steel, between which distance-pieces B, B', B*,and 
B* of cast iron are set. The diBtance-piece B at the heed of the beam Berves far adjostiTig the 
draught hake. In oonverting the double plough, Fig, 49, into a single plough. Fig, 4B, the elide d* 
is remoTed from its socket in the forward end of the beam, anil set back in the position of tha 
slide <P, of Fig. 49, the slide d' being rigidly attached to the beam D, and removable together 
with th^t beam. The slide iP, carrying the furrow wheel when inserted into the ba(£ward 
socket, receives tha standard of tlia land wheel. To facilitate the adjustment of the wheels 
in respect of depth and ensure rigidity of the wheel biiteninga, an airangemeut is adopted which 
gives the ploughman two meaus for regulating the depth of the ploaghlcg. The wheel standard 
psnnns through the wheel slide P, to which it may be secured, if deured, by a loop and binding 
nuL When, however, this nut is slack, the standard will be free to move up or down in the slide. 
This is BO far the ordinary mode of adjusting the depth of the wheel ; and to provide additional means 
of adjustment, a hole is tapped in the slide to reoeive a screw G), that is mounted in tiearings 
carried by the wheel standard. The head of this screw is fitted with a handle g, by toning 
which the screw is caused to raise or lower the standard in the slide and adjust the wheel to the 
required depth. Provision ia thus made agaiust failure of the vertical screws, and nnrrnrmrj 
rigidity given to the wheel standards, independently of the vertical screws during hard work or 
when the mortices have become worn. 

An improved form of drainage plough introduced by Oupaidse is illustrated in Pigs, SI to G3. 
The plonghsbare A has attached to its under side a flat sole-pTate B, extending some distance 
beyond it in the rear, and on the nose of the ploughshare is fitted the socknt of the surface sock 
C, which has three or more notches, c, e', c*, in its front edge, the notch c being Tertically under 
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the draw bar D, while c^ and c* are at any reauired distance to either side. On the draw bar D ia 
a aocket or eye d, in which is secured the neck of a conlter-blade E. For making a vertical cut in 
the soil, a coulter-blade is employed, having a straight neck and fitting with its back edge into the 
notch of the sock. The olude E is acyustable vertically in the socket d, bo as to cot the 
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furrow to any required depth in the soiL If it ia desired to cut a V-groove or a drain ia the soil, 
this is effected by first fitting to the plough a sock with oblique neck, so as to extend obliquely, 
say, to the right, fitting into notch c* of the sock, and after forming a corresponding oblique cut 
therewith, a coulter is mtroduced extending oblicjuely to the left and fitting into the notch c* of the 
sock. In the holes c* of the sock are fitted scribe pins. When it is desired to undercut or make 
lateral incisions in the cutting, a coulter -blade is employed, Fig. 53, having two latond blades // 
at its lowest extremity. By removing the surface sock, putting on the ordinary ploughing sock, 
and raising the coulter-blaide, as in the ordinary plough, the implement may be used as a sub- 
soiling plough. 

The Mechanical Work expended in the Use of the Plough, — ^The following condensed table gives 
the results of a series of trials made with different kinds of ploughs under Bie auspices of the Royal 
Agricultural Society of England at Hull ia 1873 : — 

Work kxfbmdsd in the Usb of Ploughs. 



ClMi and Dracri pitoo. 



Wheel ploughs not ex- 
ceeding 2 cwt .. 

Wheel ploughs not ex- r 
ceeding 2| cwt. ..\ 



Swing ploughs not ex- 
ceeding 2^ cwt 



Weight of 
Plough. 



cwtqn. lbs. 
1 3 26 

1 3 21 

2 



2 1 13 



Double-furrow ploughs 
not exceeding 3^ cwt. 



1 
1 

1 

3 



2 3 

3 6 
8 22 



3 
2 
3 

V 3 



2 
8 
1 
1 



DoublO'furrow ploughs 
not exceeding 5 cwt 



4 1 



u 








Single - furrow ploujrh 
ti'sted under rondi- 1 
tions of double-furrow 
plougli to det4;rminc 
com I om tire ad van - 
tiig(« of single and 
double plouglis 



8 







26 








No. of 
Horeea. 



2 
2 
2 

3 
3 

2 
2 
2 
2 
2 
2 
2 

oxen 

2 
horses 

3 

3 

3 

3 

oxen 

2 
horan 

4 

4 



Dlmenaiona of Farrow 
In Inches. 



Width. 



8*96 
9-38 
9- 17 



11 
11 



36 
64 



I 



10-23 
9-37 
8*9 
9-03 
9-37 
9*8 
91 

17*54 

19*25 
16*4 
18*67 
17*8 

17*3 

20 08 
19*01 



9*37 



Depth. 



4 

4 
4 

6 
6 

5 
5 
5 
5 
5 
5 
5 



5 
5 
5 

4 



5 
5 



82 
85 
67 

97 
76 

&i 

22 

4 

64 

22 

45 

74 

09 

25 
3 
01 
91 

98 

7 
64 



5*92 



Foot-lba. of 

Work done 

pec lb. of 

Earth raised. 



12-93 
16*18 
13-41 

18 05 
13*77 

12*71 

15*69 

15*88 

16-7 

16*18 

1317 

14*62 

11*31 

12-43 
12-69 
10*57 
13-39 

14*62 

12*57 
13-34 



17*3 



Weight of 

Earth 

distarbed 

per Yard run, 

tailba. 



96 

101 

95 

175 
174 

113 
108 
106 
113 
103 
118 
115 

186 

205 
181 
201 
182 

216 

239 
2-24 



01 

5 
7 

8 
5 
7 

2 
6 
9 

6 

9 
6 

9 

1 

1 




116*0 



Dmigfat 
inllM. 



414 
545 
424-7 

764 
802 

482 
567 
565 
629 
556 
520 
565 

704 

853 

768 
708 
816 

1053 

1001 
996 



€69 
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All Uieae ploughi were tried on • fleld of seoood jev't neda, (he totJ being yetj dry and bud. 

Of Qifl woik expended bj the sercml pwU of the plon^ Uie following deduced ftom M. Oaft> 
parin'a calculation, nill ftfibrd an idea : — 

Besiitanoe of the coulter .. < 48-8 

Beeistanee of the ahBre R5-1 

Friction of the monld-board 10-5 

Raising of the eartb bjr tbe moDld'board 14-7 

Friction dne to ploagh 37-0 

Total ttMtion 106-4 

SUnm Calticatiim, — Having given Bome account of the work expended In the cnltivation of 
land by the ontinair hone plough, it mey be iutereeting to recoid some of the data obtained 
at tbe elaborate aenes of binJi of BjntemB of steam ouItivBtiun, nnderlakeu by the Boyal 
Agricultural Sooioty of England, at WolTorhamplon, in 1871. We ahal] limit tbe ubserrationa 
to the syatrmB introduced respectively by tbe Bavensthorpe Compaay, ttie Fiaken hlgh-Bpeed 
■yBtem. Hcaeri. Fowler's and Meesn. Howard's Bystcma. With Uie Fialien higb-epeed Byatem 
the iudicati'd work of engine in fint-lbs, per lb. of Garth remored, the mian was 22 '9 foot-lba. ; 
tbe atttage toot-lba. of work per lb. uf earth moved by Howard's Bjalem was 21 ' 6, which ctoscly 
agreed with tbe number for Heiiars, Fowlor'a eystem. Tlicee three syatemB ure all " round-about 
eyatema. The work expended per acre standa in the following order : — 

Tbe Fiiken bigh-speol Byatem 22 ' 1 foot-lb«. 

J. Fowler & do.'B Bystem 201 „ 

Howard's syatem t6'7 „ 

From Utese Iriahi a singular and unexpected fact appears dedncible, namely, that the absolute 
work in foot-lba., necessary to cultivate the land, does not d^>eDd materially upon the speed nt 
which it is worked; tlial is, that tbe coal and water oonitimed per acre will bo the same if the 
implement travels fast or slowly. Compariog tbe resistance of plougha, diggers, and onlUvatora 
respectively on light and heavy land, il u found, on taking averegea from all tne triab, that the 
t Bunibani. Al Siafford. 

17-7 .. .. 21-7 
Average fool-lbe. o( work indicated per lb, ot\ ,,.n on o 

eara culUvated / W 2 ■■ ■■ 20 3 

*bii8 showing that the change from light to heavy land iucreased the resiatanoe 28 per cent., and 
^lat the diggers and plouglisconanmod about 10 per cent, more power than the average ofcultivatoia 
eihibited. It further appears tbat ploughing requires rather leas power than digging. In theao 
trials it may be taken that tbe average consumption of coal wae 161 lbs. per acre, and that of water 
113 gallons pet acre. Tiie average coniumption of water per lb. of coal was 7'2 Ibe,, and that 
of coal 7-1 lbs. per mean indicated horse-power per bom. The 
■ L-arlh moved per lb. of cool w»>" fi'™ •■™- 
Honing is a description of 1 
A traction engine is empi 
:if the field, and a self-movii 
ndland with a lightened anc 
ia endltsa steel-wire rope ] 



;be engine to the shenvea on 

BDchors, the tightening anchor being used to \ 

anling rope proper tenaion. Fig. 54 is this 
it in diagram, the cultivator being attached \ 

leg rope. The clip-sbeave, or grooved ahenve, 
tbe endless rope, is placed vertically on tbe engine, 
'en by a pinion on tlie orank-slioft, but this clip can bo 
er on the intermediate shaft, or on tbe (ravelling abaft 
ioD engine. A, Pig. 54, Ib the traction engine travelling 
uuug >i:c .leadland of tbe field; B, tbe anchor trnvelling on the 
oppodte headland ; C C. the hauling rope passing from tbe engine 
to the travelling anchor, and back to a guide pulley on tbe engine : thenoe round the sheave on 
the tightening anchor D. and book to the engine. E is the cultivator, capable of woiling in oppo- 
site directions without reversal of the direction of (be traverae of tbe hauling rope. From the clip. 
ihMve 0, on the engine, the rope passes (onnd a guide pulley, o'. hung on the engine, thence along 
the line of tunowa to tiie sheave b, on the anoboi B on tiie c^posile headland, retunitDg along the 



22 



AGRICULTURAL IMPLEMENTS. 



BZ 








line of forrowB to a loose pulley, a', on the axle of the pulley a*, round the sheave d of the tightening 
anchor D to the main oiip-sheave a on the engine. For attaching the hauling rope to the cultivator, 
there in fixed to the main hauling rud or pin e of the tilling implement a double-jawed longi- 
tudinal clip F, Fi^B. 55 and 56, for receiving and gripping the endless rope. This clip is formed of a 
fixed plate/, and two movable plates,/',/', which constitute the gripping jaws. The movable 

Elates are hinged to t)ie fixed plate and are acted on by the tightening screw/', which is worked 
y the ploughman by means of a hand- 
wheel /S the axle of which is fitted 6S- 
with a worm and wheel, /■, /•. That 
part of the hauling rope C, which 
passes to and from tlie anchor B, is 
gripped by the clip F, longitudinal 
grooves being made in the gripping 
surfaces for that purpose. To ensure 
the gripping of the rope the half- 
grooves are made with undulations. 
When the ploughman turns the tight- 
ening screw in one direction, the lead- 
ing rope will be gripped and the |^^^.,^g^ 
traverse of the implement will be 
towards the anchor; when he reverses 
the direction of the tightening screw, 
the return rope will be gripped and 
the implement caused to traverse in 
the opposite direction. The engine is 
moved along the headland the re- 
quired distance by the driver at each 
bout. The anchor on the opposite 
headland is also hauled forward at 
each bout by means of winding gear 
acting on a rope fixed ahead of the 
anchor, the winding gear being put 
in motion by the endless rope sheave 
on the anchor. For the purpose of 
reg^ulating the distance which the 66. 
anchor is to move, the clutch on tiie 

travelling anchor B, by which the axle of the sheave 6 is connected to the winding gear, la acted 
on by a lever H, Fig. 54, to throw it out of gear and arrest the progress of the anchor. This 
lever has its full run on the axle of the clutch, and its free end projects landwards and is prolonged 
■o far that the end of the lever will move over a space equal to the distance the anchor has to move 
at a bout ; this requires the lever to move over, say one-third of a circle, more or less. To the 
outer end of this lever a cord is attnohed, which is connected with a weight in the rear of the 
anchor, for the purpose of putting a drag upon the lever as the anchor moves forward. When the 
implement has completed a bout and it is desired to advance the anchor, the ploughman will move 
forward the drag weight by means of the lever to the distance required for the next traverse of the 
anchor. This forward motion of the lever re-engages the clutch, and the anchor then moves for- 
ward until the drag of the weight causes the lever to ascend tiie cam and again lift the clutch out 
of action. When a portable engine is employed, then a second self-moving anchor is med on the 
same headland as the portable engine, the two guide pulleys r^uired before on the engine being 
now mounted on this anchor which is in line with the engine. This latter arrangement requires a 
greater length of steel rupe to stretch double all the length and breadth of the land to be cultivated, 
and the portable engine must be fitted witli a clip-sheave driven b^ a pinion on the crank-ahaft 
The second travelling anchor in this arrangement is to be fitted, like that in Fig. 54, with the 
weighted lever and cam for throwing the clutch out of action. 

Until the year 1876 ordinary steam ploughs were constructed to make furrows of a definite 
width. The depth to which the land is to be ploughed could be varied within certain limits, but 
the width of the furrows or their distance from each other could not be varied, because those parts 
of the implement which cut and turn the furrow, were rigidly secured to the frame of the plough 
and at the same lateral distance. To make furrows of a different width a separate plough was 
required. Attempts had certainly been made to render the same plough capable of running 
furrows of different widths by constructing the plough so that the cutting and turning parts could 
be shifted to greater or less distance ; but those ploughs did not give satisfactory work, except 
between very small limits. Fisken sought to meet this objection by constructing the frame of 
the plough/Figs. 57 and 57*» in three parts, bolted together. Figs. 57 and 57^ represent a four- 
furrow frame. The cutting and turning parts of the plough, the coulters, and the skives, which 
latter carry Uie shares and the mould-boards are secured to the two outer frames ; these frames 
arc simiLir to each other. The middle part of the frame, which is a very costly portion of a 
plough, thus serves for all kinds of work, and any kind of agricultural implement used in steam 
cultivation of land can be attached to tliis frame. 

In 1877 un improved self-moving anchor was introduced by D. Johnson, of Hockley Heath, consist- 
ing, Figs. 58 and 5U, of a metitl frame A mounted on the two rear wheels B and the front wheel C. 
w IS a broad cutting coulter at the rear end of the frame to support the anchor against the side pull 
of the rope upon it. This coulter D is supported by a vertical shaft </, which carries the pulley K, 
around which tiie traction rope i paMses. The coulter-shaft d is held firmly by the stay F fixed to tho 
auchor-framc. At the front of the frame A is a second coulter J, for guiding the anchor along the 
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aide of the fisld. Tbs eeoond oonlter J u a4j(>at«d and fixed on t, qntdnnt t b; » itop pin. At 
th« rear uf the Bteering nr gaidiog coulter J U » jointed itop Mid dnwing foot G, tnniing; on a joint 
at g, on the frame A. By meua of this [bot the anchor ia fixed in ita poaittOD daring wotk. 




' &=£Sii i joj i 




During the normal working of the tipparatoe^ that ia, when the aachor ii reqnired to be thitioQaTy, a 
knot in the rope i does not apprceoh the drawing foot G, bat when it lewiuied to tliet die poaition 
of the anohOT, the rerenal of the winding drama oi of the wtodlaEa at the engioe ia not eflfocted 
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J, as the aaohor ta drawn along by ttie rope, catting their way ttirougb the l&ud. 

of the traction rope is made to release the uiohar nnd move it at the proper times, longitadinally 

dovn the field towards the traotion engine or point of haulage. 

A sjBtem of Btoani cnlti ration bj Jo Im Fowler andOo.,of Leede, is described in the flrBtToItune 
of thia Oictionoiy ; the following is another sjslem adapted to be worked by an ordinary portable 
or traction engine, and la strong enoagh to take the power of a 10 -horae- power engine. All looae 
ports in the tKbles aro dispen^ witn, anil the Byatem can be quickly removed and fixed in poei- 
tion. The plan of working is in one respect different from any propoaed. The engine and windlaaa 
being placed on one heailland, the ancliora are let doxm at the two ends of the «ame iiiite of the field. 
The rope being pulled out, the work hegina at once along the Homo headlaud, the anohors working 
gradnolty away from tbo engine. This method of working giios the advantage of having little 
ir^ to pall out in storting, and disponsoa with taking anchors and snatchbloclu into rentote 
corners of the field ; it also secures perfect coiling, aa no slacknesa is occasioned by the movnaont 
of thi onobats, and every journey of the imple&ieDt docreoaea the qoantity of rope OQ the dnmu. 



After finishing between the two headlands, the tackle is in a potiMon to pIoDgh the headtaoda 
wilhont any removal of parla, after which anchan and iinnjenient can bo honied hack to the wind* 
bus by the plonghing rope, and the field alearod of all taoble witliont the asaiatonoe of horwM.Two 
men are required to work this tackle. 

The windloM, shows in Figs. BO to 63 to a very ■mall scale, is cnnstrneted on fonr wroaght-tion 



AGEIOULTUBAL IMPLEMENTS. 



25 



Toadvheela. The winding apparntna oonsiats of two boiixoDtal dramB, wliloh,b; meaiuof ooiling 
(;e«r,winct and an wind the wira rope noifonnly witliout any attention. ThiBiBdoneby asalf-aeling 
loTer, which carrieB two vertical guide pulleys, moving Bkiwly up and down, and freely Bwinging 
round the drum into any position at wliiolilbe rope ha^itowork. Thusany undue etrain on the rope 
aBweilBeoDtheappBrat[iflifloomplcteljiiTOided,andaU frictionof double anatobblockB, At., entirely 
doue awa; with. The rope pays out fiom the drum at any angle itquiit-d by the work without 




_L 




snatch blocks or doable anatchbloeke being necessary, whilst more perfect coiling i« secured bj the 
coiling gear and the peculiar way of working the tackle, previously described, that in any wiudlasa 
bitherto brungbt out. Tn dispensing with flie double boatchblock not only wear and tear ot the 
rope is diminifJied and loss of power avoided, but also a very tronbleaome item in setting down the 
tackle in a Seld is entirely obviated. 

For the reclamation of wiste land the Sotherland plough has been introduced. This ploogh, 
Figs. 64 to 66, constructed by John Fowler and Co., ia a rrainework carried on six wheels or rotlers. 




two for the land side, two to prcu on the toporthefurTOw,and two in the centre in connection with 
the coulters which form the steerage. Thebead of the plough is hnng from the centre of the frame, 
and is double-ended, havine a lateial cutting si. are of a triangular form, so as to cat either wa;. 
From the centre of thiebcM there is* doQble.cnded mould-board hnng from a centre, which awinga 



AGEIOOLTDEAl mPLEMENTS. 



AGEICULTTJEAL IMPLEMENTS. 27 

to either end, and works from either side to suit work in both direotionfl^ and is self-acting. The 
coulter is an eccentric disc, and works close to the point of the head, being set to cnt an inch or two 
below the sole of the head and share. In this way, when an obetroction is met, the reyolving 
coulter carries the head oyer the obstruction. The two land-side rollers or wheels give balance to 
the implement, and assist in carrying it through gullies or other ineflualities of the surface. The 
two furrow wheels are intended to assist in completing the turning of the furrow after it leayes the 
mould-board and press it into its position, and otnerwise to give balance and guidance to the imple- 
ment. To each end of the frame, which is a strong trussed structure of malleable iron, is hung, on 
another centre, a huge plough of ordinary construction* with a long beam of great strength. The 
object of this is to cut a second furrow from below the first one, and to bring the earth to the top. It 
is kept down to its work by a loop line of wire rope passing over the plough in connection with the 
tail and pulling rope. The pull for drawing the implement is taken through this beam, and when 
required to be reversed the engine pulls the one plough out of work, while it presses the other by 
means of the looped line into place. The object of having the plough hung on a centre kept in its 
work by means of the pressure of the tail-rope is to give an elaracity to the working of Uie imple- 
ment, so as to allow it to rise from obstructions where these cannot be pulled out. The one end 
of the implement is a duplicate of the other, unless in as far as the one is right and the other left 
handed, the implement working either way without being turned. 

As balance ploughs were originally constructed, the horizontal pivots of the plough-beam were 
carried by an inner frame, which was itself connected by a vertical axis to an outer or wheel 
frame, and on which were the stud-axles for the main carrying wheels. The steering of the 
implement was effected by turning the wheel frame about the vertical axis, and a handwheel and 
screw were provided for the purpose. This arrangement was found inconvenient, because the 
locking of the wheels caused some irregularity in the depth of ploughing. Consequently another 
system was resorted to, in which the inner frame was dispensed with, and the horizontal pivots on 
which the plough-beam rocked were carried upon the same frame on which were the stud-axles for 
the carrying wheels, the steering being effected by movement about a vertical axis imparted to 
the stud-axles independently of Uie wheel frame. This arrangement has again been found incon- 
venient, for that upon rough land an obstacle in the path of one of the wheels is liable to cause the 
whole implement, including the plough-beam, to be slewed out of its course. Greig, in 1877, 
introduced an arrangement for the steerage of the implement in a similar manner, but at the same 
time providing for me free play of the plough-beam about an upright pivot or centre upon the 
wheel frame, independently altogether of the steerage of the implement. This admits of the 
plough-beam pursuing its true line of travel, even when an obstacle in the path of one of the wheels 
may cause the wheel frame to run untruly. Upon the lower bar of the wheel frame is mounted a 
block, so that it may be able to rock about the bar as an axis ; and upon the block is mounted at 
right angles to the bar a stud or pivot, which enters a socket in the middle of the plough-beam. 
The draught rope is connected to the plough-beam by draught bars attached to the beam behind 
the wheel frame and below the centra of the wheels, so that the draught tends to keep the plough- 
bodies down to the work. The eye by which the draught rope is connected to the draught bars is 
in front of the wheels, and a guide or stay in connection with the wheel frame sustains it, and 
keeps it in a central position in respect to the frame, so that when the wheels are thrown out of 
line by any obstacle the pull of the rope acting on this guide or stay immediately straightens them 
again. Figs. 67, 68, and 69, are elevations and a section of this plough, a a is the whed frame, and 
the stud-axes a} a} of the main wheels 6 6 are adjustable up and down upon it by means of the 
screws a'. The bars a* of the wheel frame, on which the blocks carrying the stud-axes slide, are 
square in section and can be turned ; these are connected across the frames a, to cause them to move 
simultaneously, by the arms tf* and the bar a*, cr* is a quadrant fixed on one of the bars a', and a 
worm a' gears with it. This worm is coupled with the axes of the steering wheels. On the lower 
bar of the wheel frame a saddle or clip c is mounted ; it is free to turn upon the bar, and it carries 
at right angles to the bar the pivot c\ upon which the plough-beam dia mounted, and about which 
as a centre, it is able to turn. Upon the plough-beam the plough-bodies are mounted, as is usual 
in balance ploughs, e e are the draught ropes, connected by the dmught bars tf* e^ to the transverse 
bar «", which in turn is coupled by the links e* with the plough- beam. / is a guide or stay clipped 
on to the lower bar of the frame a, and having sockets at each end, through which the draught 
bars e^ pass. By these arran^ments the plough-beam is free to maintain its direction inde- 
pendently of any irregularity m the motion of the wheel frame, which, however, cannot slew 
without deflecting the hauling rope from its direct course, so that immediately the obstacle causing 
the irregultf motion is passed, the strain on the rope brings the frame round again to its proper 
position. 

Fig. 69* is Knight's steam-power digging machine, specially intended for hop-gardening. The 
machine is driven by a rope running over the three pulleys. A, B, placed on the fop of the 
implement. The implement is impelled forward and the forks are driven, when required to work, 
simultaneously. The pulley A is the main driving part, the pulleys B being merely employed to 
give the rope a sufficient grip. The power is further communicated by the wheel D to the main 
axle, a notched pulley £ and a pitch-chain. There are three forks hung on as many loops of the 
crank, the loops being at different angles, as shown by the positions of the forks ccc. The 
upper part of each fork-staff describes a cirele with the revolution of the crank, but as the fork-staff 
is held by an arm one 'fourth of its whole length from the bottom, the figure described by the point 
of the fork is not a corresponding cirole, but an oval. By throwing the carrier of the arms forward 
at the top, the bottom is thrown back, when an oblique instead of a perpendicular thrust is given to 
the forla. Witii the forks held in tne position of the dotted lines the depth they would enter the 
soil would of course be less, while the angle at which the spits of soil would be picked would also 
proportionately differ. The forks may be lifted entirely fr^ from the surface, and for this there is 
a handle. 
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G. GTetg**<niltiT»loT ia intended to be mnked b; rtesm poorer, and oomasU ot one or more Beries 
of disDH monnted npon u) axle and fK« to rsrolTe. Tbe axle or axles ate iaolined to the line of 
dnnght, so that the discs vben dmwn through the land, diaplaoe and pulveriie the soil. In order 
that the Botl maj be tbtonn the aame way in whicherer direction the implement travels, the azia 
of the disci U BO arranged tbat it cao be 
■nnde to incline in either direction to the 
line of draught, or the disoe are monotod on 
ecooDtrics upon the axis in mieh nianner 
tbat bj turning the axis half-tound, the 
reqniied ehange ia made in the indinatiun 
oT the diace. When a runow wheel ia 
employed, the position of the axia on the 
ftsme ia changHl when the direction of 
the dranght is revecsed, bo that the leading 
edgee of the diaoa maj oconp; the same 
positions relatlTelj lo the farrow wheel in 
either waj of working. If Beverel seriee 
of discs are employed, ateering gear may 
be applied, ao that the implement may be 
gnided by ateering the leading series af 
discs. At other times separate carrying 
wheels can be used in oonnection with the 
frame of the implemeot, and steering gear 
in connection with Ibeae wheels. 

a a. Figs. TO and 71, ia a reotangidar 
frame to wbioh the draught ropes A b are 
attached ; c o are axea connected with the 
frame a in anch manner that they can torn 
aionnd the perch-pins dd, ao as to incline 
the frame ; e e are discs mounted upon the 
axes c, so that they can turn freely and 
independently the one of the other ; / ia 

an uds carried by the frame between the 
axes c; it has other discs g upon it, they 
are mounted so as to be free to turn upon 
eocentrice Bied npon the axis, and when 

desired the aiis / eon be turned half-round 

by means of the lever-handle P at its end, ^ 

■a as to reverse the inclination of the discs; •- 

A h are rollers moontt-d at the ends of the 

frame a, each haa a worm-wheel apoD it, 
I engages with the * 
it by turning the ate 
1 is on the aame abaft 

the worm, the roller A can be rotated and 

made to wind and unwind tlie chains i 

and to draw the axis e, to which the ends 

of the chaina are attached, into an inclined 

poaition, and so to guide the implement; 

m is the seat for tiie steersman. The 

leading axle t and the diaps upon it are 

employed in steering in whiohever direc- 
tion the implement travels, and the hinder 

axle ia set over (o incline its discs in a 

direction opposite to tiie direction of the 

discs g. The dotted lines n n indicate 

road wheels which are removed when the 

implement is put to work. 

The implement Figs. 72 and 73, ia 

ooustructed by J<din Fowler and Co., 

of Leeds, for opening wide drainage 

or irrigation dilohea, ns required ftjr 

augar and coUnn cultivation. Xear the 

front end the frame ia proiided with 

a rope-slieave, round which the rope 

from one of the ploughing engines passes, 

its other end being fixed to the hind 

wheel of the same engine. Thus the 

atraia exerted by Uie engine on the im- 
plement ia donbled. The knife ia let in 

and lifted out of the eronnd in the foUaw- 

tng manner. The Bile of the bind wheels 

is cranked, ao that in taming it the wheels are pressed down or lifted up, and the tisme also 

either raised or lowered. The ditch is cnt by two coulters and a share, after which a third 

central coulter splila the mass of earth to be removed into hidves. Two long, atroigbt mould- 
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boards conduct the earth npwarda, and deposit it on both sides of the finished ditch. Ditches of 
1} to 2 ft. in depth can be made with this implement at the rate of a mile an hour in suitable soil. 

Fig. 74 is a plan, and Fig. 75 a side elevation of a general purpose steerage horse-hoe or 
ridger by Headly, Bill and 
Warden. It is made with a fore- 
carriage a and steerage 6, and 
fitted with a lift c, to raise the 
hoes out of work at land's end, 
and enable the machine to be 
moved from place to place with- 
out detaching any portion of its 
mechanism. 

The horizontal bars d', which 
carry the hoe-standanis e, slide 
through two cross heads / and 
through the stfjoring handles g^ 
giving great facility for moving 
Uie hoe-standards to the usual, 
or any particular width of crop- 
ping. 

The steering handles <7, are 
hung upon a horizontal draught- 
bar A, in front of the fore oar- 
risge. This draught-bar can be 
adjusted to any width, by shifting 
the eyes or loops h} in the slots, 
and fixing them in the requirea 
positions by lock-nuts; and by 
raising or depressing the draught- 
bar in the slots t, which is efiected 
by lock-nuts, the depth and even- 
ness of hoeing can be arranged at 
pleasure. Kidging or moulding 
plough-bodies. Figs. 76 and 77, 
whi<m consist of pointed or winged 
shares/ fitted to heads or stems 
J*, carrying light movable steel, 
iron or wood mould-boards i**, are 
attached to the horizontal bars d 
by means of the usual clips or 
fieistenings k used for securing the 
hoes, the clips k having two set- 
screws k\ thus avoiding the 
possibility of any lateral move- 
ment of the implements when in 
work. 

Any of the usual forms of 
this implement may be applied 
to potato-raising, by attaching 
several grids or bars of openwork 
to the ndging heads or stems/*, 
and an additional tail-piece or 
set of prongs to end of slipe, so 
OS to thoroughly separate the 
soil from the potatoes; by this 
means several rows can effectu- 
ally bo lifted at onoe. 

Mchanical St/wers.-^'ln any 
Agricultural country the quantity 
of 'setKl sown is so enormous that 
the smallest economy, either in 
the labour of sowing, or in the 
M^i'ds sown, represents an import- 
ant annual value. This fact has 
been fully appreciated, and the 
improvements in drilling and 
sowing machines are only out- 
numlM.'re<l by the attempts at im- 
provement. Tlie first process of 
sowing in all countries is the 
ancient one of ** sowing to the 
wind " by hand, or hand-sowing. 
Simple as the operation appears, it needs practice, a certain ability, and attention ; and a good double- 
hana sower will disperne the seed from either hand with equal facility. But experienced as the 
sower may become, nand-sowing cannot compete in precision and accuracy of placing the seed wiUi 
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nuchine -towers. Tbehand-eower.moreoTer, iMTeatbegninhethroinJDtothsgioiiiuliiaootMedbr 
•oil, »ad tlie openitioD of ooTeriug boU o«er the nais mait be a lepaiata one in whidi the field 
tnTened bf the uwer nuuit be ag&in worked. With the aowiag mMhioe, the prepanitioii of the 




culh to reoeire the seed, the aowiug of the seed and ooTeriag it ue opamtiDiiB perfbnned with 
)»aotiaal limoltftiiMtv. Certain mechanical Bowen mix the grain witii a proper proportion of liquid 
otMUd manoie. Tne noceesily of working eootJl; well on rising ,, ,, 

jtnxitid M horizoDt«llT adds to vie difficullioa attendiag the coDatruo- ^ 
tkm of ■ K>wiiig mscniiie, and the conditions to be fnlfiUed ue taM- ^ '^ 
dent, notwithstanding the numerous machine* introduced, to rednoe ^ ™ 
those practical!; niooeatfiil to a small number. n 

^>ciDn Dritti. — The machine which we illustrate ms; be taken eis a ^ 
type of this kind of drill or aower. The grain-distnbutor eonsista . ^^ 
of a series of small spoons. Figs. 78 and 79, of dimendons propor- 
tional to the aize of grain that they are to hold, the ghanka of these ( 
■pooDB being set perpendicntorly to the plane of a sheet-iron disc. 
This disc is mounted on an axle which reoeiyes ita rotative movement from gearing B, FiK- 80, 
mounted on the wheels t«rrylng the maohioe. The velocity of rotation of the s^n-dlso Is there- 
fiire proportional to the space travened by the drill. The sporai-diBa revolves ir - -"—J™ V"- 




t wooden bos 
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with eoDOLye bottom, oouitantl; ted with gniiu b; % hopper placed ai 

Fig. 81. Each tpooo anivea ■□ turn at Uie lower part of the box ao 

it niises and tbrowi into a fuDDel arranged to receive them. Tbia fnnnol commanicateB with 

a leriea of flexible tubes, which the bc(^ traTerae in order to arrire at the part of the machine 



that iDtrodncM them into the eoil. This part of tbemacbine g|, 

is TeiT simple, ver; stroDg, and conatitatea the tmit cbarao- 

teriatic of perfect aowers. It oonsialB of a kind of oonlter 0, 

oanying at its binder part a larger drill in connectian with 

tbe tube i' sapplTing the grain. This conlter opciu the 

■afficientlf mellowed soil to a certain depth, it aUowi tbe 

fpnio to fall to tbe bottom of the treooh that it makes, which 

It olosos by allowing the earth to fall in. The distributor 

and tlie abBte are the essential parts of tbe drill. Tbe ipoon- 

disosarepnt in motion by tho gearinKR, and each revolntioa 

or &Bction of a revolution of the wheels oonvsponds to the 

emptjing of a eettein nnmbur of spoons into the funnel, and 

K to the arrival in tbe soil of a T«r1ain number of seeds. I 

When the machine stops, the distribution of the grain stops 

also, and it is impossible for the grain to be delivered in ei- i 

oces. The equality in dppth at which the acod is buried is 

obtained by a verj efficacious arraueoment. The coulter is 

monntud on a jointed lever, Kustaini^ at its other eitremitj 

by a chain wound on the whim T T. and raised or lowered st wiU by the handle m aa. If (be 

cbaios are so raised that the coulters are above the earth, as shown in tbe figun.'S, the machine 

docs not work, and may thns be transported along reads. The weight of the coulter and of 

the lever which supports it is regulated in such a manner that it enters the soil to a depth 

filed by the positiou of tbe whim and by tbe free length of ehain. If the soil olfea an« 

resistance than onlinsry snit, or if the depth is above the aveiage, weights are pUc«d at tbe end 

of the lover. If tiie oouller enonunlers au obstacle or a portion of the earth accidentally higher 

than the rest, it raiKCS itaelf by turning around the centre O and falls as soon as it can retake its 

nonnal position. Tubes of caoulcliouc ha\B been proposed as substitutes for the (^nncl-tab« I', 

but tiiexe sffurd greater freedom oF setion. All the spoon-discs sie mounted on tbe same aile 

porallel to the aiis ot the hopper which mntaiiis the seed. This axis sbonld be very nearly hori- 

(ontal, even when the machine works on earth inelinol to the right or left. This resnit is obtained 

by pnltinc cast-iron we-lgfs under the aile nf ihf hnpper. It is neco^nry (hat the grain-box and 

the funneli into which the sponns are emptied slioufd idways preserve the ssme relative vertical 

piwitioii when the mnchiiie Bsccnds or doacenda a dwlivily. A acrow, cnmmandeU by it* handle, 

obtains this result. The smsU hammers /, Fii;. 81, laise-l by the shanks of the spoona. strike tbe 

funnels and impart to the whole systum a slight vibratory movemcDt intended to prvvmt floe moiat 

gmlnfromadbering to and hindering the act on of this part of the machine. 

Kippins's drill inrludes a tnvellinfr surface provided with rece*His of suitable msmiitrale fcr 
receiving the part.ruUr seed required to l>e sown, and in the desired ouantilv, IhU surface 
mi.iiltutmg the billom of a hopper and being provided with pL^tons which more iu tnosra. 
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a leDgth are groapa of perforetionB of ditfeient aizt's, Buitalile for various eIzcb of goecl, for turnip, 
lor inataLKM), and for beans, tha interme'liale aizca being suitnblf for whrat, bnrlej', or athnr griiiti. 
Within these petforatJonB are piatona. the inner ends provided with luopa strung npoo liiira, the eoda 
•ituate in gruoved cams, through whicli Ibe Bhiift paaaea luoaely. the cunia being fixed, en us not to 
revolve, to the framework or the drill. The coDfigumt'On of the groovta ia ehoini by (Iota in 
Fig. S3, aod dots are formed ia tlie enda of the c^'lioder which act a» guides for the rods; a 




hopper, the bottom of which ia oonstitnted by the cylinder, being mounted bo aato alido upon roda 
pamed by the fratnework. To thia hopper ia attached a guard extending downward along the 
circumfereuee of tbe rjlinder and terminating in a apout. Within tlie liopper ia a rod, curvSi bo 
aa to correapoud with the circumference of tbe cylinder, and upon this rod ia a brush, which may 
lie tightened in any required poaition by a set-acrew. Fig, 62 shows the reccitaes and one row only 
continued around tbe circumferenoo of the cylinder, but the othini are disposed in like manner, 
and the piiitona ore omitted except where the aection ia taken. The nction of the appamtua ia as 
fblloffs : — It being aaaumed that the cylinder is cauaed to revolve in thu direction of the arrow, and 
that seed is fed to the hopper frnm a main hopper, in any ordinary manner, it requires to be measured 
and diatribuled b; means of the rings of receaaee ; the deacriplion, lioncver, will refer to tbe aowing 
of one row of graia only, into a furrow made in tbe nanal ma[]nrr liy a coulter. As soon as the 
rcvolulioD of the cylinder has carried the receBsca into the hnpper, the shape of the cams draws 
Ihe roda downward, and the pistons, which before this have fiUid the recesses, partaking of that 
motion, cavities are auocesnively formed, into which a certain number of sefdB paaa, the bruah 
awecping off tlie euperQuona quantity, Aa soon as a recees paa.ses the brush, the shape of tho 
grooved cams draws the pislons farther downward, eo that when the rcoeas reai^Les the guard, the 
meaaured quantity of grain baa a auperduity of space, the object being to prevent the loss <>f grain. 
When a recess has pasaed tbe giian), Che grain ia free to fall thrungh the spout. The grooved cama 
then quickly project the piaton, to ensure emptying the receaa, the piaton also serving to clear 
away any dirt that may have been taken up. The grain thus dtlivered tu the spout is conducted 
to the farrow by the usual means. This description has referred ti> tbe aowing of one row only, 
but the cylinder has as many gronpa of rcceases as there are rowa to be drilli-d, each group having 
its hopper and bruah. Fig. 82 ; and in order to use this liopper for any one of tlie rings of recentea, 
tccording to ihesizeof thu seed, or the quantity to be delivetoil at a time, the hopper ia made to slide 
loDgilndinally on roda. The braahea are mounted on the cnrved rods, for the purpose of ahiflinr 
them faackwB^ or forward, so th"t the quantity of seed which pascea into the recesses may be vnric£ 
Tooth'a plough drill waa designed for the purpose of improving Ihe natural pnatures of New 
Zealand. The Utst machine waa built by Garritt and Sons in ISH5, and has been in almost 
constant use nt Alford, New Zealand. The seed ia contained in tlie box A, Fig. 84, alienee it is 
delivered by the cup Imrrel B, driven off the travelling wheel by n chiiiii having two rhaogoB 
of apeed, into the telescopic pipes C, leading to aiAeral levers, into which are keyed stout 
wrought-iron pipes E, upon which the ahois or shares F are fiiatened by act-acrews. These shoes 
arc of steel, hollow and chisel-pointed, for cutting into (lie ground and overcoming tlie tuaaocks, 
roots of trees, and other obstacles. The depth of tlio furrows ia regulated bv fastening tbe discs O 
higher or lower on the pipes E, by means of cramps. Tho eeed Ib deposited Ihroiigh tho shoes F, 
in tbe bottom of the grooves or furrows cut by tlieni, nnd the ground is tht^n prea^ed and con- 
•oliilated over the seed by the rollers O. The wheels are much higher and stronger than those of 
the ordinary drill, and the whole machine ia Bpecialiy adapted tat rough usagQ. It ia drawn by 
two horsea, Ihe driver riding upon the top of the box, whence lie is able to watch the action of tho 
levers, to wind them up or lower them as neceaeary, by means of the large fly-wlieel H, which coin- 
municatoa by sheaves and chains with the winding barrel at back of drill, and to regulate tbe 
position of the box, to suit hilly or uneven land, by menns of tho regulator K, which ia similar in 
principle to that in ordinary com drilla. Tho framework in front of the driver is arranged as a 

Clalform, upon which sacks of seed, to replenish the box when drilling very lar^e areaa. can be 
lid. The distance betwten the rowa can be repilated in the usual manner m drills, by altering 
the number of levers used. Tho levers are easily ahifted, fixed on or taken ofT llie arms bar, by n 
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y.-.Dt eoiitaiiiiiig ono bolt and not nnly. The levera are made fore and aft. In order that Oitj roa; 
rx-t be ciiuked. lu pnnstDK tbroiigh ttie tusBocks, the ton Rhoes are clear (k tbe obatacle bdbre the 
•fur liue* fnc»unler it. Tliia macliine, bj means of the wbeel mnning behind the *hoo, re(;a]ate» 
the df-pibat which tbe seed ehoiild iic deposited, a poiiitofgicat importance in sowing small seeds. 





■K^o<xSt<xx><» 



ft liirge scale the purposes of a rake, and usnatl; et 

number of rou);h pinnle. or spikcB, Qxed iu a frame. The tripud-pioces of harrows as ordinarily 
tonstnicted, when put together for work, teiiTe open spaces betweuD tliem, bnt io Howard and 
UousfioU's Soiiimerton burrow, Figa. 85 and SB, Ibcse 
spaces arc divided up by links which are suspended from 
tlie tripotL-i, and servo to act upon tJie Rround, greatly 
adding lo tlie cfficitncy of tbe implement. 

In tbe Figs., a a are Ibc tripods made of cast iron, 
and coTiDcclcd to^i-tber aa usual by intans of rings of 
wrought iron 6, Tbe spaoes enclosed by tbedo tripods 
are divided up by means of liokii c c. 

Rind.il/'s l-olterUi-uj Iliuroar. — In treating farm lands 
reclaimed from turf or peat-boge, there was at one time 
great difBeuHy in rcduoiiig the furioir of turf after the 
plough ; ordinary hanwws oftin failed to penetrate it, 
and it had Ui be chopped up by baud-power. A great 
advantage has beinobliiined from tbe use of Randall's pul- 
TcriziuK harrow, an American invention, Fig. 37. Be- 
neath the bar to which tbe shafts are altaehod, there are 
tvfo frames, aioh carry- t 

iug uix shiitp-ctlgi'd 
revolving diiiCB, bo ar- 
ranged th;it tbey cnti be 
let ohllquily at any 
angle to the line of 
draught The dibca 
are not plain but are 
slightlydialiecl,thocoii- 
cavo bide being iu- 
wanls. Each disc cuts 
into the furrow, and 
pnshes llie strip it hiis 
cut towur<bi thv Ci-utre 
of tbe iniiebine. Wlieu- 
cTcr the furrow is toiii:h, 
the weight of the driicr 
■- the t ■■' - 



power of Ihe harrow. 

The work done by this 

mrtcbiuu is of )'n-atsi'[- 

vieo in comminnliu^' 

turf aud p<'at. When the bog i» nut Bnn enough niUr draining for ploughing, It must be dug by 

band Hnd thrown up in ridgea or lazy IiuIn. 4 tl. wiito. 

H-ij-n, Mo'cr;, -nd //.i/it.''.-. i.— Fi;;, (!S rppre.,t;ila Wiol'. stlf-deliviry i caper, and Figs. Hy. 
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90, and 91, detaohed pi«cce of llie mecbaaian. Pig. 91 ihowi tbe method of communlosting 
rotating motion to Xhe reel-shalt from the main bearing or driving wheel, thruugh a pinion georiog 
inlo teeth on the inner f&oe of the wbeel. a ia the abaft upon which the piniou is flttail ; it carriei 
•t it< outer end a worm A, the bliule of which engages bolweon the roUerB c, on a hoiixontol disc 
or plate d for tunung it. The aile « o( thie disc piisseB througli a support/, to keep it ia a veitir&l 
position, and alao thiough a cam-block o, the face of wh oh is of peculiar shape, to oumpel tbe rake 
A, and roel-anos i, lo rise and fall to follow the work. Tbe upper p&rt of the axle cirries a hood /, 



tarnished with lugs k i, through which the pins of the arms A h nud ■' i' pass. These form the joint- 
pins for the arms, and also serve to carr; them round with tbe bood, wliieh is keyed npou tlia ailc, 
Figs. 89 and 00. Tbe cam-block or pluto is held in place by a bracket n, bolted to a brace a, the 
distance being maintained by the height of a socket or pillnr/, which is also bolted to the br.u;e o. 
The brace 'u centred at its ends upon bmokets, springing from the side benm of the macbine. 
Its purpose IB not only to support the hood and the purts in conntotion, but also to enable the 
BXle with iti ftppenclHK^ to be tUteil, so that the rake-arme can pass obatscles ; and for this a 
fbot-benim g, it attached to the top of it. The cam-block g only lodge* upon the socket or pillar /, 
and lis position is goTcmed by the length of the curve given to the strep n. By this mtuns the 
block can be shifted round upon the socket, and held firmly at any part, for throwing the rake 
and reel blades into work, in advance oT, or behind, or over the points of tlie Angers, and also to 
rise dear of the platform. The block or cam Is so mode that a portiou of the working fain is at 
the edge, and a portion under tbe edge, these portions being at different parts, so that the rake 
or reel srm, in passing; over the platform, is not allowed to rise or to drop any of the grain. 
The arms are arranged in pairs through rods or links, and this coupling permitip the vertical arm 
to find an abutment against the edge of the cam-block. The depression of the foot-plate enables 
the attendant to lilt the raka-bladea, ao that they act as reel-blades ouly when passing over the 
platfivm, and allow the grain to accumulate upon the platform until there is aufflcient to lorm 
a shMf, when he can tsmove bis foot and allow the next rake to sweep the grain olf. By this 
airangiment, where the crop is very light or thin, he can so time the deliverr thst the gruin 
deposited shall at all times be snfflclent to form a sheaf. Where the grain is heavy or thickly 
grown, this will not be necessarf, as the raku-blades will act in regular order, and deposit behind 
the track at fixed distanoes. Each of the rake-bludes is fitted at one end with a bolt or pin >, so 
tbat they can move upon them, and a bar or link t is secured to the other end. This is provided 
with a nnmbcr of slot-holes, for niisinfc and lowering to suit the hiighl of the grain, and to 
act upon the grain nearer to or farther from the cfira ; the bolts or pins pass through plates on 
the t»rs. About the middle of the knire-boHm is fitted an elongnted flngFr ic, with a curved top 
faoe for the rake-blades to ride Dp should they dieceud too low, and to prevent the teeth oaminj; 
fool of the knives, and an iron strap is fitted between the two teeth, to prevent the blades beinff 
ininred. In Fig. 88 only one mnin bearing wheel is shown, and this ia oompoaed of a band 
with teeth in the inner periphery, for the teeth of the pinion to gear into, and with two rings 
placed verticiilly and held in poaition by tie rods, on which rollers are mounted for bearing 
against the base rim of tbe teeth, one of these rollers hcing toothed, to act as the pinion for 
transmitting Ihe motion to the knives, and also to tbe recl-anne, if the machine be a reaping 



36 AGEICULTDBAL IMPLEMENTS. 

manbine, or s combined reaper and mower. The band vheel ia held betireeo the frame by the 
verticnl rings, and the lieight for cutting can be logulati'd by a pin. The wheel bae Do Epokes, 
and the connectiDg rod cso be passed Dirongh it, bo thiit the bevel gearing for actuating tbe knirM 
can be npon the outside of the framing, and thu cutting take plao; in a line witli tbe centre or axis 
of the wheel, so as not to interfere with the draught or poll of the borsea. Tbere is a pecDliority 
ID the rising and fallicig motion of the machine nben the wheel is employed, and that is that the 
platform ia not ranted, or brought lower, at one eDd or side than the other, because the fixed pin a, 
□r axle of the ring^. forms tlie fulcrum at all times, and movement imparted to one point ia instantly 
communicated to the whole of the machine. Tbe platform and framing always form one plane 
with the horizon, at whal^vtr height they may be moved by the lever at the bock, when passing 
obatiiclea The tilt of the platform for angular cutting, is obtainid from tlie puniliou of the 
ailjuiituble nut npon the front cros»-bar. Swivel blades are fittrd at tbe tips of the mko and reel 
annH. to ride over the platform ridge, to prevent the entunglement of tbe ears of tlie grain, should 
they droop in the direction of tlie platform. Beciprocatiiig motion is communicated to the koivea 
only when the mhchioe is travellin;; in the forwunl direction, and for this purpose, a kind of box 
on the axle is arranged, in which a series of ratchet teetli are made for a pawl to drop itilo, the 
pawl being kept in action by the spring, the pressure of which is otercome by the pawl riding 

.i.„ .™tk .f .kg machine ia moved iHckward. 

le of wveral varietiEa of 

1 whicbalsotb 
ment of the motion will be understood. Upon the aile of the travelling wheels of tbe implement 




.•"'■- ■ ' -.ll....!,. 
ipuT.wlm'l last alluded to gears into a pinion on thi' ninin nik'. and cnsl in the same pieee with it 
in a bi'vel wheel, which drives the bevel pinion kcy<<il im tlio cnink-sLnrt oF the implement. This 
ItearinK is enclmx'd in a rasing, which prcitcrta it fioin diit. and also serves at n guard lo prevent 
the entanglement of the reius. Tbe lifting •pperatua coiisii-ts of an n^linary lever and chain. 
allarhed lo a quadrant thiit ii rasteneil to the jmnt-bar by a donble stad and IwlL A short atotled 
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lever is fastened to the joint-bar by a bolt and fitud, and in this lever ia a notch, there being a cor^ 
reaponding notch in the end of the joint-bar, which forms a folcrum for the lever to work npon. 
The qnadiant passes through a slotted lever, and thus, if the outer end of the guide-bar is in a 
hole, the driver can raise it to a level position, as soon as the inner end begins to move, and by the 
same means the finger-bar can be raised high enough to clear obstructions in the field. The guide 





in which the knife works is formed with a step, next to the finger-bar, in order to increase the 
slanting edge under the guide, and prevent the accumulation of dirt under the knife. Thus 
the spur-wheel </, Fig. 92, is keyed to the main axle t, and gears into the pinion e^ cast in the 
wheel /, and running on the stua u. This wheel gears into the pinion <;, on which is cast the bevel 
wheel h. The pinion t is driven bv the wheel A, and on the other end of the shaft is the crank- 
disc k^ to which is attached the end of the connecting rod m. In this rod is a tube containing oil, 
and at every revolution of the disc k a quantity sufficient for lubrication is liberated. The other 
end of the connecting rod is attached to the knife-bar. The dotted lines n n show a stay or support 
secured to the frame a at the back of the implement, and to the finger-bar o, and joint-bar /, to keep 
the frame in position. The lever j is pinned at n on the frame a, which carries the crank-lever, ana 
to which is attached the chain v, and the quadrant ?, which passes through the slotted lever /?, Fig. 
d7, attached to the finger-bar, die quadrant being connected to the joint-bar. This is the lifting 
arrangement. For stopping or starting the implement, the lever s is employed, having at its lower 
extremity an eccentric working on a stud u, on which the wheels e and / revolve. This is efiected 
by moving the lever from 1 to 2, Fig. 98, as shown in dotted lines. The guide in which the knife 
works is shown at c*, and the notch already mentioned is at/'. This forms part of the guide for the 
knife to work in. The slanting edge c' prevents the accumulation of dirt upon the guide. Figs. 
93 to 96 also show the manner in which the Kearsleys form the fingers of their implements. The 
fingers 1 are made in the ordinary way, but in the bottom is formed a recess 4, and on the top is 
placed a steel lining 2, secured to the &iger^bar 3, by the bolt 6, the squared head 7 of which lies 
fiush in the recess 5, the same bolt on the other side being secured by the nut 8 in the recess 4. 
The front end of the steel lining is made vfith ft tongue that fits into the recess shown on the top of 
the finger-bar. The advantages claimed by this arrangement are, that there are no projecting nuts 
to offer any resistance or obstruction, or around which the cut grass can gather. 

Fig^. 99 and 100 illustrate Samuelson's two-horse mowing machine. The two most important 
features of this machine are, that the horses in drawing tend to lift the knife off the ground, and 




t»fn 



so when the resistance is increased, as by the knife taking a mole-hill, this tendency operates to 
relieve the machine and reduce the draught, and the second feature is that when lifted, the point 
or outer end of the finger knife-box rises first, while in other machines it rises last. Fig. 100 snows 
the extension bar of the mower. A is a portion of the main framing of the machine, to which the 
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■boe B. Cftnring tlic finger-har B', U blog.'d. W U fi wnoden levsi Tor lifting the Enger-beam 
when reqnireil. Joioted to llie ahoe B at a point in ndTance of tbe liingo joint, is the exteniion 
bar C, to the free end of nhirb is attacliod a chain D, which paasaa round a half-pulley A, mounted 
in the aide frame A. So Ion;; aa the ch.iin remains looao the finger-bcam will b« frr« to play upon 
it> hinj;a; but wlion tension ia put on the chain the free end of tbe extension bar C will be drawn 
down, and the arm will then cume into roiilnet with a ,„ 

projection rormeil on the kIido B. Upon this projiction 
the extensj.io bar C will bmr bb upon a fulcrum, and 
will act ae a rock-lner, thereby atiffening, and at ilie 
aame time miaing, tlic Bnger-beam. Fig. 99 illuatratcB 
the drmight oliain K. and the travelliuf; wheel, to Ibu 
axle B of wliieh the main frame of the mochiDe C ia 
pivoted. D icprcaenta tbe bevel gearing employed to 
give motion to the crank-wheel F, and through that 
■ and the connccling rod O, to tbe cutting epparatuB of 
the machine, whicb it placed at H. I ia the pole or 
drawing bracitel, which ia also pivoti'd to the maipi 
axle B. To it the pole J is scoured. Tlie poli>bracket 
ia made of such form that tbe draught chuin K can be 
attached t<i it. nod odjuated at i, below the centre of 
tlie axle. The chain pnaaos from the tail of the brocket 
I under a pulley L. mounted on the main frame lelow 
the main nxlc, and over or through a guide M. carried by 
the pole J, Tile pole J fervee eimply to guide and turn 
the machine, the wliolc of Die draught being carried 
through the chain K, to the forward tnd on which the wbipple-lrccB are attached. Dy varying the 
verticul diatanoe of tlie poiotof attichment i of tbe chain, or tlje position of the pulley L withreapret 
to the main axle, or by odjueting bitb of these with respect to the main axle, tlio tendency to lift 
the beam or pole, or both of thtm, may be varied as desired, and all weight and prraaure t»ken off 
the horaea' necka. 

Id the mower of Otis Brothers and Co., of New York, tbe motion ia tmnamitlcd from the 
travelling wheels to the knife by a single pixir of bevel vrbeeU, and much friction is thereby aavcd. 
Figi 1<I0* to 102 illustrate this gearing. 

The driving wheel A ii keyed to the main axle B, and revolves with it. The oscillating 
intumal bevel wheel C, ia pivoted by a gimball joint to tbe ihcaf or frame D, in auch a manuer that 





it ran swing round the p 
wlitch la tlie apex of t!i< 
cone of tbe two bevel wl 
and C. Two steel piiii 
form the joint lictween tli 
hvll rinz fi and tbe wheel 
two other BtCfl pina, al 
angles with the pms E ! 
the joint between the fmi 
the gimball -joint ting. 

The internal bevel w 
thus sei'ured, servra na o 
nf tlie lever which opera 
knife, while the tri.mguli 
leiible frninn H. fumisi 
Other end of the lever, to wliteli 

the link which ot>c™tca the Imifc-hoad ia nttnched at *, whilst the other end of A" fumiahea a 
bearing for the guido^ironk I. This gtiide-orank is fbifled to one aide of the main shaft, and the 
centre-line of the sbafl. as well na tbe centre line of the crank-pin, and the eenlre-line of the four 
joint.piiiB, radiate from the point F. 

niienlbe gear-wheel A revolves with the nwin nxle.ll canses llie bovel wheel C to swingoii the 
centre of the gimball joint, whilst the giiiile- Tsnk I is turned in tbe opnnsite direction to the main 
sliaft. Whenever tbe gni.le.crnnk I hiia made ono revolution, C has been in cuitoct with all tbe 
teeth of A ; nn.l na G hiis 48 t, elh nnd A otdy 4ti, it baa i«ssed over two more teeth than A : and 
when the revolulioiis of the guide-crank have gone on twenty-three times, the same teeth of both 
wh.-elB will be In contict ngnin. Thus, f„r every revoliitinn of tlio gear-wheel A. there are IwentT- 
threo revolutions of the guide^^mnk ; nml during tliis one revolution 1018 teeth have been in 
contticL But although the gniile-crank nmlii-H a rotury motion, the oscilliitiiig wheel nokca a 
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▼ibfatmg motion on the gimbaH-joint pin, and the arm H, which is in reality a part of the wheel C, 
makes at the point h a reciprocating motion from A to A', wliioh corresponds with the angle formed 
by the orank-pin when in the position shown in Fig. 100*, and the position of the orank-pin, when 
the guide-crank has made half a revolution. We naye thus a double lever, which is pivoted to the 
frame at F, to which the knife is attached at A, while the gear-wheel G is the other end of the 
lever. When the teeth of the two gear-wheels A ami are in contact, the poiat A is at a standstill, 
and the knife is at one extremity of its stroke. But the forward motion of A will bring all the 
teeth of G snocessively in contact ; and when the guide-crank lias made one-quarter of a revolution, 
the point A has reached the position A* ; and when half a revolution has been made by the crank, 
and the centre of the crank-pin is in the position shown by the line at A^, the arm has reached the 
point A', and the knife-bar has made a stroke in one direction. The next half of the revolution 
will bring the teeth of G in contact with those of A on the opposite side ; and this causes the arm 
to move back to its original position, and the cutter-bar has completed one motion. The rotary 
motion of the gear-wheel A, is thus converted into a reciprocating motion in the most direct 
manner, and without any furtiier loss by friction than what is due to the vibration of the wheel G 
on the gimball joint The |;uide-crank performs the function of a balance wheel also, and the 
motion of the point A is identical with the motion produced by an ordinary crank and pitman. To 
produce one vibration of the cutter-bar, the forty-eight teeth of the oscillating gear come in contact 
with the teeth of the driving-gear wheel, and of these teeth at least six are in contact all the 
time. Thus the wear is evenly distributed. 

In Fig. 103 the teeth are shown : x x reprt^sents the pitch-line of the driving wheel A, whilst y y 
represents the pitch -line of the wheel G. It will be evident that the rotury motion of the driving 
wheel is converted into a reciprocating motion, and 
transmitted to the cutter-bar by one gear-wheel, 
without the use of two, and sometimes three, inter- 
mediate sliafts. Forty-eight teeth are succes- 
sively in contact to produce one vibration of the 
cutter-bar, whilst in the ordinary gear only ^ of 
the number of teeth of the driving gear can bo used 

for each vibration. Usins the whole periphery of the driving wlieel for each vibration, and having 
60 large a number of teeth in contact at once, allows of the gear being re<Uiced to one-third the 
ordinary size, with three times the working surface. The cuttei^bar of Oti^ Bruthers' mowing 
machine is attached to the arm of a lever pivoted to the frame, 24 in. long, wiiilst the driving 
wheel A operates upon an arm of the same lever, which is 3j^ in. long. This secures a very 
powerful and direct motion. 

The Eureka machine, made by the Towandii Mower Gompany of Pennsylvania, Fig. 101, is a com- 
plete departure from ordinary principles, the great feature being direct draught. The knife, which 
may be 8ft. long, works in front of the wheels, &ing driven by spur gearing and a long pitman at right 
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angles with a knife and bell cmnk from the left-hand driving wheel. It is attached to the frame 
by jointed arms, so contrived that the angles of the fingers can be altered according to the nature 
of the crop. The pole is directly in the centre between the driving wheels, which are of large 
diameter, 42 in. The driver's sciit is immediately behind the pole, with a spacious foot-board. 
The horaes are yoked so wide apart, by means of a long neck-yoke, that whilst the near lior^j 
travels close to the standing grass on the space cleared by the track-board, the off horse walka in 
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tbn itanlinK gnus outeidu tlie knife. ThU is a point of imporUnce ; Tor if tbe Icnife followed the 
gnts trodden down liy the hora«i' feel, the cutting would bo iireiruliu', but m it ineelB the down- 
trodden grasionlheretumjuurno; there iauot any ptiroeptibla difference, and the Eareba machinea 
work regularly, altlioiigb tlie cutting is k qu&rt«r of aa inah hi(;her tlmn the ordinBiy machinea. 
Oneadvaiitage of direct draught ia that the mai.'hiue cbo relum alotiK a puTallel line, and therefiire 
meela the donn-lrudden grass, and tlio operator can deal with ft laid crop in the direction which 
socuras tlie bi'st result For iii>t«nce,it often happens tlmt a lieavy crop becomes laid in one 
partirular direction ; Ordinary machiues. outiini; all round the Held, must cither go empty in one 
diTL-ctiiin, or elee follow the laid crop on ono side, and inevilably make rongli work. In tiuch cases, 
by no mi'ans unfrequent, the Eureka is peculiarly suitable, because the whole crop can be cut at 
right angles to the direction in which it is laid. Another minor advantage is that it cltars the 
ground Btniif>ht befuru it, far ilitnting later operations. 

Figs. lOS and 10<i iliustrute JetTiry's haymaker. This machine has a hood, which is fitted 
In covi-r a little more than one-fourth of the circle described by tbe tines of Ihe forl», as they reTolie 
when shaking tbe hay. As ibis hood is mode of thin wood, zinc, or i^vanized iron, tbe circular 
tlon of air wbioh is produced by the rapidly revolving forks of the machine, is converted into h hori- 
zontal streaui, whereby the hay is more effeclnallv delivered. The galTaoized wire netting hood* 
which have been placed at the book of tbe shafts did not have this efleot. Also the delivery of tbe 
bulk of the hay was in a perpendicular diroction, the result being that much of it fell on the sbafts 



or horses' books. This was a serious inconvenience and increased labour when tho wind lay in the 
direction the machine was trnvclllnf;. Fig. 106 illustrates the arraiijTenicnt of Uie tJianiron. and 
■haft for raising or lowering tho tines D of the forks S as carried behind to work. The main 
oils n, Fig. 105, is supported at both ends by the frame carried on the axles of the travtlllng 
wheels. The ends of this carrying frame are called drum-heads. To llieae ore flu-d side-irons for 
aitaching tho shafts. Around the main axle a barrel rovolvee. This borrel carrios the fork-arms, 
and it is by the way in which this drum is put in motion or stopped, Ibat the efllcieiicy of Ihe 
shaking piiwcrs of the machine is acquired. In the first place n cog-wheel is fixed on the hub or 
naveC of the tnivelling wheel. As this revolves, it is mode to work a pair of pinions cast togtllier. 
These have a sliding motion on a fiist-ki-v or feather. The revolving drum is put in motion by tho 
cog-wheel and pinion as the machine advances, and when it is required to put the machine out of 
goar, the slirliii); ninion is withdrawn and beoonics idle. But ns a bnchward ns well ns a forward 
million is nquircd in ti.ene machines, another double pinion is employed. This works oo a bottom 
bolt. One of the cog-wheels of this pinion is always in gonr with the driving cogs on the travelling 
wheel. Thus, when the double sliding pinion is withdrawn from the driviuK cog-wheel, and the 
lar^e cog-wlieel of the sliding pinion is K<Arc<l with tbe other cog-wheel of the double pinion, the 
action of tlie forks is reversed. These pinions are shifted as rcquireil by a lever, for the reception of 
which at the snmi' time a cbangi^ is bi'ing made, there are three notches. According as the lever 
is in one notch, the machine is set for tlie forward or tedding motion ; in tbe next It is out of gear 
allogtther; and in the third notch it is set for the liackward motion. This lever is jointed, and when 
it is left to itH'lf it fulls and Ihe gearing remiiins locked till, sliifting, it is again required. ThU 
aelf-loching is a pcrfnt sofcguiird against injury by negligence or wont of skill on the part of the 
driver. The use of spiral springs, one open iind'the other closed, for locking the forks, either 
when open for work or when cloneil for travelling or resting, is an arTongemeut by which the spring 
is always at rest, except at tho moment the position is being altered, andthe spring loses none of ila 
power or elasticity. 

Figs, 107, lOH, represent Wooil's reaping and binding machine. To a<lnpl the reaping machine 
to tho binder, the niki s for throwing the corn off in loose sheaves are dispensed with, and the 
platform is miide smaller iind lighter. In the place of the large projection in the rrar of tha 
iiuirhine fur llio rakes t<i sweep over, a stage is placol behind tbe knives of sufficient depth for Ihe 
■ orn to fall Bat lipon. Over this tLige runs on endless webbing, that coTTioa the com to tho side. 
It is then carrieil up an incliiiod plane, which rests on a fiaino over Ihe driving wheel and gearing. 
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The binder ia fastened on the enter side of the machine to the frame, which is carried over the 
driving wheel, the plane up which the webbing mns, and the side of the trough of the binder 
down which the com falla, formino: a figure something li^e the letter A with a slightly rounded 
top and elongated feet a, Figs. 107 and 108 represents the left-hand sweep of this arrangement, 
the top being joined to the incline carrying the webbing on the machine. The gathering arms are 
shown in two positions, as coming down to gather a sheaf, and as rising to ride over again after the 
sheaf has been tied and deliver^. The working parts of this apparatus are carried on an iron 
pedestal B and a forked arm, the pedestal being made fast to the bottom of the frame, the position 
of the arms being also bhown at the section b b. These parts are driven by a shaft carrying wheels 
which run from the bottom of the frame as shown by c. The material used for binding the 
sheaves is annealed wire, and the reel for carr3ring which is shown at D, and the wire itself at d, 
the course of the latter bein^ eaaily traced from the reel to the beak of tlie gathering arm. To get 
thisVire round the sheaf and twisted subsequently, so as to hold it fast, is Ihe work which this binder 
has to accomplish. The small reel d is a tension take-up reel, which is necessary, as the wire is 
longer when the gathering arm is going over, than it is when passing under the sheaf. A greater 
length of wire is then out than required to bind a sheaf. By this take-up reel, which contains a 
spring drawing 10 lbs. or 12 lbs., the wire is always kept in a requisite state of tension, which pre- 
vents the possibility of the wire kinking, or being in theTway of the com. The gathering arm 
travels at a uniform rate in the revolutions it makes. As it comes down to the trough, it enters as 
fSeur as the elbow what may be termed a groove, which is formed by the trough being divided in the 
centre. Thus the beak, which has divided the falling com the upper side of the trough, is carried 
completely under the forming sheaf, the pressure for tightening it oeing given by the small arm C 
carried within the larger gathering arm. But as this would give pressure on only one side, another 
arm F is brought into play. At the base of these arms there are half-circles cogged ; by this means 
as the larger gathering arm enters the groove to gather a sheaf, the cozs at its base act on the co<^ of 
the smaller arm, with the result that the arms meet each other at tlie bottom of the trough, and the 
sheaf is gripped at the time when the wire is being twisted and cut off. This done, the second arm 
retires until the gathering arm again enters the groove to gather another sheaf. Tlic arm C, which 
id employed to assist in gripping tlie sheaf while it is being bound, is also utilized for pushing the 
sheaf beyond the point of the gatliering arm, wliile it is in a horizontal position at the bottom of 
the trough. So soon aa the sheaf is tied, this arm C begins to travel faster than the gathering arm, 
by which means the sheaf is pushed beyond the point of the beak of the gathering arm, when it 
falls to the g^und. This third arm then rides over ^ith the gathering arm till it reaches the 
sheaf. The arrangement of cogs admits of this arm riding over at the same speed as the larger 
gathering arm, then to cause it to start forward to produce a grip on the sheaf, and then to advance 
again to clear the gathering arm of the sheaf before it begins to rise, e is an iron rod to keep the 
grain from blowing in the trough. As it is fixed at one end only, it plays like a spring to let a 
bunch of corn, should a bunch occur, pjiss down in suitable form. The spring / is strong and yet 
flexible, so as lo hold the sheaf while it is gathering and allow it to pass easily over them when it 
has been tied. Fig. 109 is an enlarged section of the beak of the gathering arm, in which the end 
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of tlie wire is held. The difilculty presenting itself at first sight is the way in which the wire is 
held and carried on aftor it is cut. a, Fig. 110, is a »mall wheel lying horizontally, and r. 
Fig. 109, is a quadrant in the position of the groove. 71iis the beak passes as it is carried 
through the groove, and the small wheel of the beak is turned aeveral times. The wire is thus 
twisted. When this has been done, and the beak is just clearing the costs of the quadrant, a 
small steel plate, Fig. Ill, is brought into play. This acts as a combined cutter and gripper. 
As the beak is leaving the groove after the wire has been twisted at the bottom of the sheaf, 
tho small knob or lug at the bottom of Fig. Ill is caught by a jog in the groove, and the wire 
ia kimultttneously cut and gripped, the grip being made between the cutter and tlie strip of steel c 
iti the latter figure, as shown by a dottea line. Tho wire is held in the position just descriheil 
after a sheaf has been tied, and the arm is starting to go over to gather utiothcr ; as the arm goes 
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Ofn, the benk doubles tho viri^ into ilaeir, to an exprrn it. Tor allowing wbich there is a slot jnrt 
large enough to Bdmit the wire at tlie base of the beak, and on one side of ii As the wire paasra 
d'>im this Blot, it eoleis the coga of the small wheel n, where it rrsta till the ongg of the qundraut 
are leacbed. At the moment this orcon. the lag at the top of Fi;:. Ill is caught by a jog, and 
the end of the wire id liberated for twlBting ai the amoll whpel turns in tlie gmovo. In this way is 
the double wire, the end libenteil. and the p;irt to be out off, twisted tightly ttgethi^r as described. 
The pnceaa of gripping and cutting then fotlons. 'I'hc coat of the wire is 1>. per acre, ao that if 
ttie cost of laboDT for tying be 4i. to 5s. per acre, ihc amount of anving is elear. 

CWxime's binder and harvester aras inventeil in lSG:t, and it is stnted to hare bern sncceasfully 
naed as early as ISB6. Its operation ia simple. The grain is reeled to the cutteis witli the 
ordinary reel. It is cut and dropped on nn endless oanTSj apron, which elevates it OTrt the 
wheel to the binding-table. Ttie binder-ann with tlio needle, having tho wiie passed llirongh it, 
passes the wire atoand the shi^f and earriea it down to the twister, which is below the binding- 
table. There the two ends of the wire are taken in the twister, which peTfariDs its work as the 
■bear is moTcd away from tlie next sheaf; thus while the sheaf ia being removed from the table 
the wire is twiated and cut oS, and the ^eaf, secnret; bound, drops gently to the ground. The 
end of the wire is returned in the twinter, nnd the operation ia repeated at the wilt of the drivt-r. 

Id the nmstruotion of the Osbume Harvester, Figs. 112 and 1 IS, a framework B C D is provideil 
fin sapporting the operalivn parts of the m»i.-btne. This rrtmevork is supported on a maia 



driving wheel A, on which the gcenler part of the fn.mework ia carrie<l, thu other end of the 
bamework being supported by a wheel at tho end, which is adjustable. The main wheel A isalao 
adJQftable by its aile being supported in slotted brackets, the radial centre of whiah Is the pinioti- 
shsJt, with which the main gear-wheel I meshes. At the front edge of the fmraewnrk and nt one 
side of the driving wheel is the cutting apparatus, which conBi,ts of the ordinary slotted fingers 
and «c*lloped outtera, to which a reoiprocnting motion is given by a swey-bar, connected to the 
centre of the cutter-bar, and projecting rearward across the frume, to which it is pivoted near its 
centre, its rear projecting end being attached, by a connecting rod ji v. to a crank 1, wbioh derives 
its motion from tho driving wheel by a train of gearing connected with it, Fig. 112. A reel for 
gathering the crop is supported in front over the cutters, on the projecting arms of a rofk-Bliaft X, 
which lias a lever Z and holding devices, by whioli the driver cun elevate or depress tho reel at 
pleuore, and fasten and hold it Si its adjusted position. This wheel is driven by a sprocket-wheel 
■ on Its shaft, connected by a chain n to a double sprocket-wheel i in a frame which is linked to 
recl-beorer g coincident with the centre of the reel-axis, and is also linked to the aiis of the main 
wheel axle, so that tho chain omnocling a sprocket-wheel * on the hub of tho main wheel with 
double sprocket-wheel, will impart motion to it, and through it to tho ohnin connected witu tno 
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spn^ket- wheel on tha reel-shnft, the riIb of the linln being tbe centre of the double iprocket- 
wheel : tbe relation of the clinins and iproflket-wheeU will not be changed in raiaing and towering 
the n-el. To owtj the severad oron to Its reoeiving platform A' oat«ide of the main whacl whilst 
tlie cutting appnr.ituB is on the inside, an eofUesa npran is provided, aomewliat oiceeding the length 
of tbe cultinp: appnratus behind which it is arranged, and supported on loUi^rB at each end, tbe 
rollers being pluccd at right angles In the cutting apparatuB. and supported Id guiteblo bearings. 
The upper suiface of tbe apron being slightly above the pluDe of the cutters, motion is imparted to 
it bj a band nttncbed to a pulle; 1 on its sbaft, the motion of tbe upper surface of the apron being 
from thn outer end of the cutting apparatus towards the driving wheel. To etevata and cairj the 
crop over the driving wlieel A, two endless aprouB K K are provided and arranged on the ^me 
parallel to each other and inclininp; outwards over the driving wheel, sufficient space being left for 
tlio passage of the crop upwards between tliem. These aprons are supported on rollers, which 
have suitable bearings in an inclioed framework O. The lower ends of these aprons are so placed 
aa to receive the crop from the first apron named, and long enough to carry the crop over the 
driving wheel and deliver the same on the platform outside of the wheel, the platfotm being 
supported in nearly a hotizontal position ; a break-board attached to the framework nndef the 
elevator end of the apron serving to protect the wbeel and prevent the aocumulating sheaf from 
being dmwn down by the lower apron. These elevating aprons have laths fastened across their 
surfaces the better to enable them to hold and catrv up the grain. The continuous aurfiioea of the 
aprons have a motion upwards, which is imparted to them by tbe shafts M N of the upper roller 



being ge*rcd together ; and one of the tbafis M, having a band-wheol L annind which a belt it 
passed, also around a band-wheel on tbe shaft H of one of the rollers of the apron behind the 
cutting apparatus, and also around a pulley on the crank-shaft 1, gels its motion from a train of 
geaririR oooneoting it with the main driving wheel. This train of gparing is the same that vibrates 
tbe cutters, and consists of the cnuik-shatl and its pin ion, Fig. 113. a bevel wheel gearing with it, on 
the shaft of which is a pinion which gears with a gear-wheel / connected with the main whed ; 
thia pinion 6 has a olutch-raoo d" " and interkicks a pin nnl through the end of the bevel-wheel shall 
« , Fig. 112. and can by sliding the same on the abaft be made to look with, or be disoonnected 
from the some for stopping or starting the oonnoeting gear or devices. For hcility uf doing thia a 
shifting lever 8 Is arranged in reach of the driver, and connected by intermediate devioct to a fork 
« which embrafos a gmove in the hub of the pinion. 

To bind the crop into bundiea a framework having ways is provided, and is inpportvd in gutda- 
pieoea D' attached to the harvester frame B ontslde of the driving wheel. At one end of this 
^ame, supported to bearings nearly in a vertical position, is a shaft H', to whiah U attached an arm 
W , which eilenda from it at right angles, and carries at its outer end a gripping, cutting, bokling. 
and twisting uechaDimi for the wire of which the band is mode. A double hook with bevelled 
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edges is fastened to a shaft a short distance from its end, and on the end of the same shaft is 
fastoied a similar donble hook. The shaft is inserted in a metal frame or block ; this block has 
fitftened to its upper face a plate with its edges bevelled the reyerse of the first hook, and close to 
;which the first hook revolves, and with it makes a double shearing hook for cutting off the wire. 
A finger is pivoted to tlie block in the frame by one of its ends, its other end being bevelled off and 
of proper width to enter between the two hooks, and rests on the«haft against which it is pressed 
by a spring, so that in ttie reverse movement of the twister-shaft it will act as a clearer to remove 
any fibres or straws that may aocumnlate around it in twisting the wires. A pinion is fastened to 
the projecting end of the shaft on the opposite side of the frame or block from the twister. To the 
side of this block is fastened a piece of sted so as to form an open mortice. This block or frame is 
bolted to bracket on the end of the arm W, with the sliaft nearly vertical and the top of the upper 
hook far enough below the top of end of arm, which is in form of an open box, to give spnoe for 
length of wire enough to form a twist. Above the twister is fastened a double plate with sufficient 
space between the plates for a gripping finger to move. These plates have a vertical V-shaped 
opening : a finger is pivoted to the plate and twister-f i ame, so that the projecting end of the finger 
will swing in between the plates and across the V-shaped opening, so as to clamp or grip the wire. 
Thia finger is operated by a connei-ting.rod pivoted to it, and its other end to a short arm on the 
under side of the ann W that carries the twisting devices. In the open mortice at side of the 
twister-block is inserted a flat slot-bolt, so ss to play free. The upper edge of the bolt, a short 
distance from its end, has a hook-shaped notch cut in it, and this, together with the mortice in 
which it is inserted, serves to grip and hold the end of the wire while the needle Z' is conveying 
the wire round the bundle. The other end of this flat bolt is rounded, and has a spring for forcing 
it into the moriioe and holding it there. To release it at the proper time the round end is connected 
to a short lever which has a friction-roller on it and is worked by a cam. A sector-rack X' is 
pivoted to the under side of the twister-arm W so as to gear with the twister-pinion, and has a 
niction-roller pivoted to its under side, and projects into a cam-shaped groove in a frame which is 
fastened to the binder-frame, and below the twister-arm, and parallel to the plane in which it 
osdllatea. This groove is of such form that in the oscillations of the twiater-arm it will give a 
swinging movement to tiie sector-rack X' sufficient for each hook to seize at the proper time its 
separate wire and separately sever and then twist them together for fastening them after surround- 
ing the bundle. To an ear on this cam-frsme is twisted a cam-piece, against which the roller on 
the lever that works tiie fiat, holding both, strikes to open it and release the end of the wire, and 
sever the wire brought down by the needle-arm. Another pivoted cam is so arranged that the 
roller on the arm that works the connecting rod of the gripping finger will strike it to seize the two 
wires as they surround the bundle, grip and hold them nrmly so that they may be severecl and 
twisted together : they open and release the twisted ends of the wire for the discharge of the 
bundle, and hold it open until the time comes for again closing. To the top uf the shaft from 
which the twister-arm W projects, is hinged an arm J' carrying a pointetl ne^le Z' and a sliding 
•hive to its side m' connected with a spring e\ and to this sliding shive / are fastened the ends of a 
cord or band u' long enough to pass round a grooved shive at the bottom (/, and of the wire-spool/ 
which is placed on a spindle f inserted in the hinged end of the needle-arm I'. A connecting rod 
K is pivoted to this needle-arm and is extended downward, and attaches to a lever which is hinged 
to the lower end of the same shaft to which the needle-arm hinges. The other end of this lever is 
pivoted radially to a hub on a gear-wheel M' which is overhung and bus a bhalt, the axial centre 
of which corresponds with the hinged point of the other end of the lever L'. The rotation of this 
wheel by means of the lever L' hinged to the shaft of the twister-arm W gives to it an oscillating 
motion to and fro on that shaft, and at the same time the needle-arm J' receives an up and down 
movement bv means of the connecting rod K' which unites the two. This connecting rod extends 
above its point of connection with the needle-arm and has on its end a shive. Motion is im- 
parted to the wheel M' to which the lever 1/ is pivoted, by a feathered pinion on a grooved shaft N', 
arranged parallel to the shaft of the gearwheel, and driven by a sprocket-wheel and chain O' con- 
necting it with another sprocket-wheel on the crank-shaft inside of the crank-head I. On the sliaft 
N' to which the first sprocket-wheel is connected, is also a clutch P' having teeth, which will lock 
with teeth on the sprocket-wheel, and this dutch is connected by levers and links to a treadle Q', 
near the driver's seat T, so that he can disconnect the clutch from the sprocket-wheel at pleasure 
for stopping the binder, and by releasing his foot from the treadle, a spring R' on the shaft foroes 
the clutch towards and locks it with the sprocket- wheel, and its shaft revolves with it operating 
the binding mechanism. In threading the wire to the needle, it is passed first from the spool j' 
around the sliding shive /', then around the shive g on the top of tne connecting rod K' of the 
needle-arm, and then to the shive at the hend c' of needle-arm, and down the needle, and between 
the sbives near its point, and then to the holding jaw y' below the twister. 

With the wire arranged as stated, and the ne^le-arm J' standing at the highest, and moving 
outwards from the delivery end of the elevator aprons K K, the harvesting and elevating mechanism 
previously put in motion, and sufficient material having bten cut and elevated for a bundle, the 
driver releases his foot from the treadle Q', and the binder is set in motion. The rotations of the 
wheel M', to which the end of the lever L' is pivoted, carries around with it the pivoted end of the 
lever ; its hinged end being connected to the shaft H' which supports the twister-arm W, and its 
devices and the end of the wire that is in its holding jaw. The upper end of the wire, which is 
connected to the needle Z' of the needle-arm J', which is hinged to the same shaft, is also carried 
forward, pressing the wire against the accumulated sheaf. As the needle Z' and twister-arm W 
advance towards the breast-board X X, below the delivery end of the elevating apron K K, the 
needle-arm J' begins to descend, the point of the needle pa.<8ing down back of the sheaf, and 
between the fulling straws, separating them and surrounding the sheaf with the wire, the twister- 
hook rotating partially, so as to seize the strand of wire in the holding jaw ; and after the other 
strand of the wire has been catrled down below the twibter, the gripping finger comes into action. 



46 



AGRICULTURAL IMPLEMENTS. 



and cloees upon both wires between tlio twister and the handle. The second hook of the twister is 
rotated so as to sever the second wire, and the first wire is released from the holding jaw, and it 
secures and holds the second wire, the first wire being severed by one of the cutting hooks, followed 
by the severing of the other wire by the other cutting hook, the ends of the wires being in the 
separate hooks as the arm moves outward, the rotating of the hooks, by the action of Uie sector-rack X, 
twists the ends of the wire together above the hook. When the twist is completed, the clamping 
finger is released, and as the ar.n starts on its return again, the finger is thrown entirely open and 
the bundle is free. This operation will now continue to be repeated once in 10 or 15 ft., acoonling 
to the speed at which the binder is geared. When from the thinness of the crop an insufiScient 
quantity has accumulated, by means of tho treadle Q the driver disconnects the binder from the 
harvester devices, and starts it agtiin when sufiicieut has accumulated, repeating the operation as 
frequently as the condition of the crop may require. He can also elevate and depress the reel at 
pleasure, as may be required by the condition of the crop, and can move the binder laterally by 
means of levers pp and shaft oo, so as to place the band at the proper point between the butt and 
head of the grain, and can also disconnect the operative parts of the whole machine from the 
driving wheel at pleasure. 

Horse Rakes and Hoes, — In ordinary expanding horse Jioes the stems to which the shares are 
connected are formed of a circular section, and passed through circular holes in the arms, eye-bolts 
and nuts being employed to keep them in their places. The consequence of this arrangement is 
that when the hoe is at first expanded or contracted, the points of the shares do not stand parallel 
to each other, and it is necessary for the attendant to alter the position of the shares by slackening 
the nuts on the eye-bolti and turning the stems, and as there is no guide by which these can be ^et, 
they are sometimes placed in a position in which the shares are not left parallel to each other, when 
they are liable to turn, sometimes the case even when the stems or stalks and shsLres ore set parallel 
to each other. 

With F. C. Lake's horse hoes, Figs. 114 to 116, these disadvantages ara avoided. In this 
implement the hoe-stems gg axe caused to revolve in the sockets of the arms // by means of 
the four segments or links dd^ e e^ which are so oonstructed that to whatever distance within the 
capacity of the hoc the arms are extended, the shares 66, cc, will point in a direction parallel to 




that in wh^ch the hoe is moving. The sides of the implement are caused to expand by means of two 
segments ddni the back part of the hoe, worked by the pinion A, which Lb so placed as to act with 
the segments in keeping the shares pointed to the front, and at the same time to extend or 
contract the arms according to the direction in which the pinion is turned. 

The ends of the stems above the anus. Fig. 116, are square in section, and upon them the 
segments dd^ ce^ are fitted and held in position bv nuts which are slackened when expanding 
or contracting the hoe, thus enabling the stems to be Drought parallel when turned by the segments. 
This imparts rigiditv and steadinc>ss of action to tlie implement. 

Haughton and Thompson, of Carlisle, introduced in 1877 some improvements in horse rakes 
relating to the regulating of the height of the tines from the ground, and to means of fixing the tines 
in their sockets. The tine-heads are pivoted on a rod as usual, carried in two or more brackets or 
castings, each connected by a pair of parallel radius links with other brackets or castings fixed on 
the wTieel-axlf, the whole forming a parallel motion ; and the improvements consist in the com- 
bination with fuch parallel motion of a diagonal regulating screw connecting the two brackets and 
acting on them so as to diaw up or let down the tines in a vertical line when turned in the one or 
other direction ; and in fixing the tines in their sockets by means of serrated notches at one side of 
the tines, taking into corri'K]>ooding notches in one side of the socket, and secured by a wedge* 
shaped key driven in at the op|)osite side. Figs. 117 and 118 are vertical sections, and Fig. 119 
a rear elevation. Figs. 120 to 122 vertical and horizontal sections, and an end view of the tine-head 
or socket A is the wheel-axle ; B are the tines ; and C the tine-heads, pivoted on a rod D, 
supported on a frame K and two brackets Y, connected each by a pair of radius links G, with 
btnckets H on the axle A. The bnickets Y und H, and the connecting links G, form paralh*! 
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motions for misiDg or lowering the points of the tines B in a perpendicular line. I is a regnlating 
screw diagonal to the parallelogram formed by brackets Y, H, and links Q. This screw turns in a 
bearing in an upward extension of the bracket H, with collars or shoulders to retain it in position, 
and its other end screws into a corresponding nut or female screw in the bracket Y ; this screw is 
turned by a removable lever-handle or key K ; L is the clearing frame sapporied on the axle A at 
its ends, which are slotted to allow of sliding on the axle and attachea to the shafts by bars L, 

118. 





119. 



IM. 




having each a downward extension by which it is connected by a pin-joint / with the adiacent 
Ivackets H ; M is a crank-arm fixed on the axle A, and connected by a link N with a socket O, 
In which one of the two hand-levers P P^ is fixed, according as the attendant walks behind or 
rides upon the machine ; P' is a treadle to attach when working the tines from the seat. The 
link N and socket O are also connected by another link Q with the fixed part of the frame attiiched 
to the shafts. The attachment of the tines B to their heads G is shown in Fig. 120 ; the tine is 
serrated at one nde 6, and the corresponding inside surface c of the socket is similarly serrated, and 
the two are looked securely together by a wedge B at the opposite side driven in between the tine 
and socket. 

Figs. 123 and 124 represent Bollins' American raka This rake is self-acting, and both sides are 
alike. Of one side, A is the cogged boss, B the ratchet wheel, C the rod which runs through the 
centre ratchet wheel, D is the main axle. The point projecting from under tlie axle at 6 is a pawl, 
which is held on its pivot and, when resting, in its prc&ent position by a small spiral spring. A 
lever to this pawl is carried, it will be observed, in front of the main axle, to the top of which is 



48 AGRICULTURAL IMPLEMENTS. 

attaehod » light chain rf, the nthor end being fixed to tl.e left-hand »hi.ft. When the twlh are 
down and taking, the ohain, lover, aad pawl are in the poBition in which they are ihoirn. While 
they are left in this poeilion, and the rake is traTelling, the two lalchet wheeU lerolie with 
tlie driving wbeeL But when the driver flnda tlie nike requir.B to bo emptied, he depresaee 
the chain d, which draws the lever forward, and rsitai the pawl into the ratchet wheel. This being 
•o locked, the mtchet wheel it at the same ntoment prevouled frum revolting. The reault u, as it 



ia co|;-lr«ked to the driving whepl, it ii carried rannd, and wllh It llie cross-bar. and Ihe te-lh «■« 
carried up by the cm«-bar with the mlchct wheels. It is at this point Hat the main nclirin in 
the principio of this mBchine is diapliiyed. When Ibe centre nilohel wheel is lockixi, snd tlie end 
tmtcDct wheels are travelling np the driving wbecK Ibo whole bluok l>etwecn f and c tnmH hiiilily 
1q carT;ring up the teeth of the rake. Thus, the lever c is brought dnwii upi>n the head of the Ixill 
/, as shown on the section of the croes-bnr of tlie frame, and. ne the lever strikes that biill-bead, it 
acts as a trigifi'r, the rnlchet wheel is libenti.i], and the teeth of Ihe rake fall to their work hy 
their own weight. If the rakingi were exactly Ihe same all over a floUl, or if it were no ei.nw 
quence to have them in a row for the cunviniencc of gathering, this inacliine might be made 
perfectly set f-ac ling. 

¥\sfi. 129 and I2G arc of a device due In Aleinndre Gnndrille, for B)irea<ling manure. In a cart 
an pn<lk'8a cloth bnttoro ia arranged, working round supiH.rling mllerH tosclbcr with a roller brush 
working across and on tlie cloth bollom, tlie roltem supiHirling the botlom. the rnller-hmsh Iving 
l>rared in connexion wilb the wheels of the cart, and aa it u moveil a unil'orm ilistribulion of the 
contents takea place, owing to Ihe movement of the endl »* el.ith bottom which brings Ihe matLTial 
to thn bruali, and it is thus brushed out ftnni the end of llie cnrt. 

The ciirt ia made in t)io ordinary way but wilhunl any tn^ttom, the bottom being formed of lon« 
rnlli'm. over and on which tbo clotb revolving Imtlom. intoiidoil to carry the manure^ works; Ihe 
biuHh is of hard fibre ; the gearing of ordinary ilescriiitiun, worked liy the axle of tbe rart. 

Befcrring to Fig. 125, A is the motion- wheel of the nirt. to whieh arc altnchcd wIip.-1b C D ; B 
is tbcoppoBite wheel of the cnrt; C, a eoictroil wheel actuating E below; I>, coi:ge<t wheel diivinft 
F ; F, cogged wheel oommimicnting movement to Ibe amnll alio O, on whieh i« mounted wheel H 
ploO'd below the axle of B: K, wheel cummunicntina; movement to tliebmiih Q; O. axle of th« 
wheel* H and 1^: H, eog^-ed wheel actuating I; I. wheel eummunicating siotinn to tlio mller 
K ; K, roller, giving movement to the endless riolh I,; Ij. endless cloth to cany ofl" malerial placed 
inthebnxO: M,inlemiediater')llenisupp.irting theendl.iwelothboltomL; N, fourth reller driven 
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I7 the fint Tollai R ; O, boiw iraptmcla lot hiJdiDe the tiMOiira or other matfiial: P, kdgea of 
the box O; Q, KToliiDg bnub; R is a box for the use of thedriTcr; 8. gndiul«<l sMie for iceiF- 
■■ling the rapply of materul ; T, ahafta oT th« ait ; V, bmme <^ the «rt ; T, the ule. 

It is etideot that on the eait being set in motioo, the wheeli C D Tevalte uronltaneiKulj with 
the vheel Aof tbeeart; C axnmDuicatea mottoD to ^ which ia tnnmitted (hnogh Q to A on the 



oppntrite side of the eart, whire it is [y>mlnunicaled to I, omuiog tlie roller K to reTolre, irhich tlien 
throngh the motiim at h cnnicB on the moTcment to roller N, and eimilEuI; D moves F wliioh cnuBes 
the rotation of the bruBh Q. 

FigB. 127 sad 12S bate reference to an arnmgemF'nt by Duncan Rosa for cattioK off the topa or 
I«aT(« and the tails or roots of turnips, close aboie and below the body of the tumtpa iGspeoliTcly, 
while in the drills where the; grow. 

The noTeltj oongiBts in having aharp-angled, preferably V or U shaped, bladea or knivoa 
■ecnrfd to Ihe front end of an open horiEonl^ frame, carried and oscillating at their back ends on 
arms, projecting down ^m a transreno bar Becnrcd to tbe main fmma or beem of tlie machine 
with the hnivca directly above each drill at a height to anit the Inmips, Iho limbs of tho knivoa 
being open to the front and fitted with guiding horns, so that tlie ehaws or Irps of the turnips will 
be guided into and canght in Ihe rteft of the knife, and so cut off during Ine forwnrd traverse of 
the machine o*er the lutnips, and in a piano parallel to tho drills and surftcc of tlio field or nearly 
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«o, iD cnntrkdiHtinction to the maiiDci of cutting tumipa hitherto by rooiprocatizig and revolving 
knives s«ting and cutting laterally or tranavGrMly across the Jrills, or by simple angled bnivea. 

In Fig. 127, the central beam D is carried forward, aoine distance in front of the topping cuttera 
A, a, nnJcr the usual raised bow part D" and shifting-pin drawing-shackle, where it has an 
oje D' and screw or wedge for fixing tbe npper ahifting end of the forked stem D' of the front 



carrying and guiding wheel D* to mn in the central furrow between the two drills, inlintted by 
the doLtrd linen i - - - :, and thus set the front end of tho fnimc D at tho proper height to suit tho 
drills of turnips and the cutters. The back t-nd of tho lieiun D U accurcd lo tlio centre of a strong 
cross-bar or frame-piucc E, having strong eyes at its outer unda for carrying the oscillating shaft or 
axlo F, which by arms secured at each end and projecting dnwnwBrds with lalcrul studs at their 
lower end, carries tho two back wheels F', which run in the centre of tho two furrows close outside 
of tho drills i — t. This back end of the fmtno can bo raised and lowered on its wheels F* to suit 
the drills and tailing cuttera I V, by the OBcillation of their carrying arms F' and aila F, by a 
linnd-lovtr. This raising and lowering lever is placed in tlio contro of tbe guiding shafts. In Uiis 
arrangi'nicnt of tho topping cutters A, a, their oscillating fnimea B are made light enough to bo 
reisid by tho Inclined and forward action of the galbering-in curved liorns o glitling over the top of 
tho turnips in front of (lie cuttera, and adjuatod and hunp; at a projicr height by short chains * ntal 
the front of the arms B, to give croater enso and flo^bility in rising and falling, linked by hooking 
or ewivel-arma alxivo, to a hand regulating screw and wheel, secured in bIoIs in the transverse 
carrying arms B' scruwed or otlierwiae fixed !o the bentn D over tJio frameH B, so that they can bo 
qnirkly and easily adjusted to suit tho height and width of tho drills of turuips lo be cut. Tho 
outl^rs A themnelves are portable for removal and sharpening, secured by screws to the front end of 
the bars B. The ordinary root-cutters I arc cnrriod by atrong stoma I' projecting up and secured 
in eyes in the sbifling and fixing blocks I" secured by cottera to the bar E of the frame above. 
The front edge of each cutler 1 is set so as to project forward at the aides, and angled back at about 
HP towards each other at the middle furrow, so as to out off tho roots or tails of tbe turnips by the 
forward motion of the machine, after the loives have been cut off by the topping knives A in front, 
so 08 lo deliver the tumipa from Iho two drilla into the one farrow. 

An onlinary turnip topping and tailing machine, as juat doscrilicd, consists of a main frame with 
two siile and rear carrying wheels, looae on or criuplod by clutchoa to their axle, running in the 
two furrows outside tlio two raised drilla of turnips lo be cut; there are cuttf r-socks attached by 
sockets and adjustable sterna and hnldfasts to the rear part of tho frame for cutting olT the tails or 
mots, and mining or throwing tho turnips of both drills on to the surface of the central furrow 
n'Bdy for lifting, end a front biiwor drawing beam with its fore guiding wheel running in the centre 
furrow wilh controlling gear and haiid-levcr or other equivalent mechanism for instantaneously 
reining and lowering the rear of the frame, with its cutturs on tho can7ing axle and wheels, in 
relation lo tlie surfncp of the ground- 
Figs. I'i!) to 131 relate to an arrangement of turnip-topper due to John Brigham, of Berwick- 
D-T«e<d. The niicn rcctnnKular main frame 1 of the machine is of malleable iron secured 



in front at 1' to tho cast-iron central drawing t>cam 2, csrryinc the swivelling forked spindle 3 of 
tbe fore giiiding wh('<'l 4, running in the central furrow Z, enil Utteil with the hook 3' lu front for 
the coupling of the home draniiig tucklf, the main back part of the frame being carried by the 
foumol brackets of the main shaft fS of tho wheels 7, mounted looee on its extreme ends and nmninK 
in the two outer furrows, and onuplal to the shaft by ratchet couplings and a spring pawl 7 . 
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The maohine b gnided by tho bunl'IuTtr S Bccojed on the top of the swivelUDg spindle 9 of the 
gnidB-wheel,4, uid leata on tho setting and retaiDing notched brnokcl 8', »t one corner of the 
vertiral bow rmuie I", secnrod to and projecllog up from the main frame 1, aod which CAtrieB ftnd 
guide* the looeo oaciUalitig frame B, carrying the band-saw A and its. driving and guide pulleys 
A' A', fot catting the bipa off the turnips. 




The bar D is attsohed to the bottutn of the vertical frame B, with two or more onrrcd up-pointed 
flnger-gaards D' secured to the bat D beloir, and projooLing forward at eotne ioche« apart ahore the 
two dnlls of turnips so aa to glide oTer them and embrsoa the turnip-tops between the flnt^rs D', 
baring the band-saw A working close above them. The frame B is carried by two Bdjoating 
linlca b, one at each aide, passing up through the bow-oarrying frame I", with the elastic aprings 
above, so that the whole frsme b and flnger-bor D rises and falls over and across the two drilU 1 1, 
aocordlag to the irregular size or height of the tomips as the fingers D' glide over them. The 
fmme B is goided and steadied vertically by the curved wings B' at its upper ends between the 
antifriolion rollers B" secured to the inner faoe of the vertical frame. The band-saw A is oorried 
ronnd tho two small pnlleya A", revolving on stnds A', secured to the lower ends of the frame B, 
anile beyond the fingers D' and above their carrying bar, so as to cut the tops as they enter tbeee 

The saw being steadied in enides d secured to the upper side of the bat D, inside the fingers D', 

Ces np from the oataide of the two gaide-pnlleya over the saw-pulley A', which is securod on the 
t overhanging end of the short spindle o, tevolving in a lightening hnsh carried on a regulating 
spring with a pinching screw as shown in the bach view, Fig. 131. Tho spindJo « of the dtiviog 
pnlloT A' ia turned by the nngled shaft a^ coupled to it above by the universal-joint coupling a', 
and below bv a simila^ coupling a* to its pinion-ahaft a* carried in the bracket u". projecting up 
from the back end of the fr^e. 

The pinion c is driven by Iho spur-wheel c' gearing into it, and keyed on tho overhanging end 
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of the horizontal shaft c" carried in tho bracket c"\ below the frame 1 and shafts a*, a*, and driven bj 
the beTel-pinion c' gearing into the wheel c* keyed on the driving shaft 6, so as to drive the band-aaw 
at a high speed from this shaft when it is conplod to its running traction- wheels 7 by the couplings 1\ 
The roots of the tuniips are cut by the cutters 9 formed on the lower forward end of the stems 9\ 
secured by pinching screws and gripping blocks 10 to the rear sides of the frame 1, near the back 
end, and projecting towards each other so as to cut off the roots after the tops have been cut off, 
and with the aseistanoe of the guards or gatherers 11 screwed to the lower p«rt of the stems, deliver 
the 




and 

London, . _ _ 

tution of Meolianical Engineers,' 1872. • Landwirthschaftliche Blatte/ Berlin, 1870-76. 

AIR-COMPRESSORS. 

Certain disadvantages inherent in the nature of steam render it unsuitable for employment in 
tome situations. When the pressure of steam is reqnirtd to be applied at points remote from 
that at which it is feund convenient to generate or prepare it, a long line of intermediate 
pipes is needed for its conveyance. In the course of transmission, under these conditions, from 
the fioint of generation to that of application, steam loses much of its heat, and becomes in no 
inconsiderable degree condtnsed into water. A large proportion of the work stored up in the 
steam is in this way lost, and its Ufe becomes in consequence uneoonomical. In tmdergroond 
workings, the heat of steam constitutes a very serious obstacle to its employment Rock-boring is 
commonly performed by machine drills ; and if steam were applied to the driving of these drUls, 
the temperature at the forebreast would, unless special and expensive means were provided to 
maintain a strong ventilative current, be rendered intolerable. The same consequences would 
4 nsue if steam were employed to actuate coal-cutters and hauling engines, or to propel mine loco- 
motives, although the same degree of vitiation would not be reached. These disadvantageous 
qualities of steam have caused attention to be directed to compressed air; and of late this has 
been largely adopted in those circumstances which we have pointed out, and also in some others 
where its peculiar properties recommend its employment. Consibting as its does of permanent gases, 
condensation cannot take place ; and as it may be obtained at atmospheric temperature, it is not 
liable to lose bent in transmission. But its great merit for underground use lies in the beneficial 
influence it exerts on the atmosphere of close places. Instead of heating the air, as steam would 
do, it has a powerfullv cooling effect, in consequence of the expansion which it undergoes during 
its exhaustion from the machines. Moreover, as it consists of pure air, it contributes largely to 
the renewing of the atmosphere of the workings. Thus, compressed air is not only free from the 
defects of stenm, but, while possessing all the practically valuable qualities of the latter, it offers, 
in addition, ailvantnges of no small importance. These merits have led already to its adoption in 
numerous instances ; and there is no doubt that its use will be very widely extended. 

It should be borne in mind, when comparing steam with compressed air, that the latter is only 
a means of transmitting power ; it is not, like the former, a source of power. Strictly speaking, no 
doubt, the ultimate source of power in a steam engine is in the chemical reactions, known as com- 
bustion, which take place in the furnace ; but the force is developed, in the form required for use, 
by the transformation of the water into steam. In compressing air, no such transformation is 
elTec-ted ; the force, derived from other sources, is merely stored up in it, in the same way that 
force is stored up in a spring put into tension. The force is Ubually obtained, either from steam 
itself, or from a fall of water ; and the air is made use of as a medium, through which it is trans- 
mitted to the points where it is to be utilized. 

Compres8e<l air is air increased in density by the opplication of pressure. The density of the 
atmosphere is such as to give a pressure of about 15 lbs. to the square inch, that is, if, for example, 
a hollow cube be made air-ti^ht, and then placed in a vacuum, the contained air will exert a pressure 
of 15 lbs. to tho square inch on nil the sides of the cube. If, instead of placing the cuue in a 
vacuum, wo force into it an aiUlitional quantity of air equal to that which it already contains, the 
same pressure of 15 lbs. to the square inch will be exerted upon its aides ; because in the latter case 
we have doubled tho density of the air contained within the cube. If now an opening be made 
into tltc cube, the excess of air, that is all that was forced into it, will escape into the atmosphere, 
as a portion of the contained air in the first case would escape into the vacuum ; and it is evident 
that in thus escaping, this quantity of air mny be made to do work. This is the principle upon 
which air is made to serve as a mecfium for transmitting power. The power which it is reqnirea to 
utilize is employed to force air into a vessel prepared to receive it; this densified air is then con- 
veyed to the spot where the power is required, and the force absorbed in causing the increased 
density is reproduced by allowing the excess of air to escape into the atmosphere. 

The compression of air is usually effecte<l in a cylinder, by moans of a piston moving within it 
The cylinder is in communication, through a valve, with tho receiver into which the air is to 
be forced. This valve is kept closed by the pressure of the air in the receiver, and will not 
open to allow a fresh quantity to pass until the piston has advanced far enough to increase the 
denwity of that in the cylinder, to equal tho density of that in the receiver. Thus the delivery 
valve of an air-C4impres.>or is open during only a small porti<m of the stroke of the piston. If the 
air in the receiver have a pressure of two atmospheres, the valve will open when tho piston has made 
half its stroko ; if the pressure be four atmospheres, the valve will open when the piston has 
swept through three-fourths of its course. The compression of the air in the cylinder is accom- 
panii^l with phenomena that have an important influence on the economy of transmitting power by 
this means. 

Let amnb. Fig. 132, be a c> Under, in which moves an air-tight piston P, and let the dimensions of 
the cylinder lie btich that when the piston is at the commencement, m *i, of its stroke the contained 
air, at atmospheric pressure, may weigh 1 lb., also let this cylinder be in communication through a 
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▼al?e y with a receiver B, in which there is air haying a density equal to four times that of the 
atmoaphera Under these oouditions there will be a pressure on the Talve Y of 60 lbs. to the 
square inch. As the piston p moves forward^ the air in the cylinder will be compreraed. When 
the piston arrives at the position m* n\ the air which occupied the space amnb will be contained 
witnm the half <^ that space, namely, amtn'b^ and as its density has thus been doubled, it will 
exert a pressure of 30 lbs. to the inch upon the valve Y. As the piston advances, the air is still 
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further compressed, and its density will have again b< en doubled when the pihton arrives at the 
position m" n". With this density, which is equal to that of the air in the receiver, the pressure 
on the valve is 60 lbs., so that tiie pressures on the opposite sides of the valve are equal, and the 
latter is consequently free to open. As the piston aavanoes from iii"fi'' to a 6 the volume of air 
am"iifh passes into the receiver. Thus it will be obeer^'ed that during three-fourths of the stroke, 
mimely, from mn to m"n", the force impelling the piston is expended in increaiting the density uf 
the air in the cylinder, and during one-fourth of the stroke, namely, from m" n" to a 6, the force is 
exerted in driving the air through the valve Y into the receiver B. 

The foregoing would be the action of a perfect machine ; but in practice other conditions occur 
to modify the reralts. During the compression of the air, the air does no work, and consequently 
the force expended is oonverted into heat. To propel the piston forward from mn to m' n', sgainst 
the increasing pressure of the air, requires the expenditure of a certain quantity of work in tho 
motor. As this work is done upon the air, it appears as heat, and the temperature of the air is 
consequently raised. The unit of heat being equal to 772 foot-pounds, the quantity of heat 
generated may be easily computed by dividing by that number the work done in compressing. For 
example, suppose the area of the piston to be 14i square inches, and the mean pressure for a stroke 
of 4 feet, 22-5 lbs. The work done in this case will be 22*5 x i x 144 = 12'J60 foot-pounds. 
Dividing this number by 772, we have^'^^ = 16*8 units of heat. As this heat is commnnicated 
to the air, we may readily ascertain what the temperature of the latter will be, at the end of this 
length of stroke. To consider this question more fully, let the piston be in the position tnf n', and 
the density of the air, consequently, twice that of the atmosphere, and let the temperature of this 
oompressed air be that of the surrounding atmosphere. Suppose now a body X, having the sanie 
temperature and being capable of imparting an indefinite quantity of heat, to be put in communi- 
cation with the cylinder, Fig. 1S2, and the piston to be forced back by the oompressed air to its first 
position mn. As the piston recedes, the volume of the air increases, and if no heat were communi- 
cated, the temperature would fall, for the air is now doing work upon the piston. But as the body 
X is in contact vrith the cylinder, which is here assumed to be a perfect conductor, the slightest 
depression of the temperature below <, causes heat to pass from X into the air, and thus its tempera- 
tare is maintained constantly at t. During the retrocession of the piston, the air expands at 
constant temperature ; and the question to be determined is ; What quantity of heat has been 
abstracted from the reservoir X? for this is the quantity expended by the expansion of the air. 
The expansion curve in such case being a common hyperl)ola, it can be shown that this quantity of 
heat = J7 olog. r=c t log. r, p, ©, c and r, being respectively the pressure, the volume, the difference 
between the specific heats of air at constant pressure and constant volume, and the ratio of oxpan- 
iion, the logarithm being hyperbolic. Thus, if H represent the quantity of heat expended, we have ;— 

H = 53-15 Uog.r. 

Suppose now the body X to be removed, and another body X, of the same temperature and 
capable of receiving an indefiuite quantity of heat, to be placed in contact with tlie cvlindcr, nnd 
the piston to be again forced into tho i)08ition m'n'. As the pi«ton advanoos, the vohiino of tho 
air is diminished; and if no heat were abstracted, the temperature would rise, for the pibton isnow 
doing work upon the air. But as the body X, is in contact with the cylinder, tho Bhglite«t 
elevation of the temperature causes heat to pass from the air into X„ and Uius the tomiKjraturo of 
the air is maintained constantly at t During the advance of the pteton tlie air is cou.pn s«cd at 
constant temperature, and the quantity of heat transmitted mtoXi is equal to that alwiraotcHl from 
X : that is. itis equal ioci log. r. Thus, if H, represent the quantity of heat expended during 

oompraesion, we have ; — 

Hi = H = 53-15 nog. r. 

The equaUty of H and H, is necessary, and it will be observed that the quanlity of heat H 
emitted during compression, which quantity, as wo have soon, is equal to 11, tho quantity absurlwd 
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duruig oxpanBioD, is tho exact equivalent of the work done upon the air in the cylinder by the 

d;on. The action of an engine working in this way, is to pump heat from the body X into the 
y X, ; and when this view of the action is taken, the equality of the quantities becomes obvious. 
In the foregoing case, the air is compressed and expanded at constant temperature. But if the 
bodies X and X, are not applied, the temperature of the air will vary. We have now to consider 
the effect of this variation of temperature. Suppose again the piston. Fig. 132. to be in tlje position 
m n, and tho temperature of the air within tho cylinder to bo (50° Fahr. ; on the al)Solute scale, tlio 
zero of which is 4G1° below that of Fahrenheit, this would read 461 + CO = 521°. Lot the piston bo 
forced forward into the position m"n". As there is now no body X, to receive the heat due to the 
conversion of the work of the piston upon the air, the temperature of the latter will rise as the 
piston advances. The temperature at the end, or at any given intermediate point, of the stroke 
may be readily ascertained, by the aid of a table of common logarithms, from the following 
equation ; — 

Log. T, = log. Tj + 0-408 log. R. 

in which Tj is the original temperature, T, the new temperature, R the ratio of expansion or 
compression, and 0*408 the ratio, minus 1, of the specific heats of air at constant pressure and 
constant volume. In tho case under consideration, the original temperature T, is 521° and tho 
ratio of compression is 4. Solving the preceding equation, we have ; — 

log. 521 = 2-7168377 
+ 0-408 log. 4 = 0- 2456404 = (0 * 6020600 X ' 408). 

log. T, = 2-9624781 

Tho number corresponding to this logarithm is 917, and this is the temperature of the air on tho 
absolute B(»le. On Fahrenheit's scale, the reading will be 917 - 461 = 456°. 

The important practical question now is ; What influence will this heat Iiave on the work of 
oompressiou? We have already soi-n that when the pi^iton is in the positiiin m" n'\ the pressure 
upon it, due to the quadrupled density of the air, is 60 !)«. to the square inch. But when tho 
volume of the air is constant, tho pressure will vary directly as the temperature. In (he present 
ease, the temperature has been raised from 521° to 917°; that is, it has been increased in the ratio 
of |i| = 1*76. The pressure upon the piston will, consequently, be 60 x 1*76 = 105*6 lbs. If 
this heat could be retained, no loss of power would result from its generation. As in tho comprcs- 
Bion of the air, work has been converted into heat, so in the expansion of the air, heat would be 
reconverted into work. But in practice, the heat due to the work done upon the air by the 
compressing piston, instead of reappearing as work upon the piston driven by the air, esca)>es into 
the atmosphere through the sides of the receiver, tho cylinder, and the conducting pipes. In 
order to see clearly how this loss occurs, suppose tho delivery valve Y to be closed, and tho piston 
to be held in the position m"n*'. The pressure upon the piston is, as we have seen, 105*6 lbs. to 
tho square inch. Of this pressure 60 lbs. is due to tho increased density of the air, and 105*6 — 60 
= 45*6 lbs. is due to the increased temperature. As the temperature of tlic air falls, in consequence 
of Uic escape of the heat through tho cylinder into the atmosphere, the pressure will diminish, 
and tho diminution will continue until the temperature has fallen to 60° Fahr., which we have 
assumed to be that of tho atmosphere, when it will be 60 lbs. to the inch. Thus the loss of work in 
this cflso, occasioned by the accumulation of heat, exceeds 43 i)er cent. 

To avoid this great loss, air-compressing ma(*hiues are constructed to compress the air at 
constant temperature. The body employed to take up the heat, the boily X, in the cose alrea^ly 
considered, is water. In pnictice, however, tho results are for from 1)eing so perfect as they wcro 
assumed to be in the thetirctical case. It is impracticable so to a])ply the water as to take up 
tho whole of tho hi at as fast as it is generated. The most effective arrangements yet adoptea 
consist in surrounding the cylinders with cold wotor, and, at the same time, injecting water, in tho 
form of very fine spray, into the air that is being compressed. In some machines, water is made to 
circulate through tne piston as well as round tho outside of the cylinder. It will thus bo observed 
tliut tho efHcieney of an air-compru^sor largely depends uj)on the completeness of the means 
adoptixl for keepin<j^ tho air at a coiit^tant tcmjKsrature. It mu.st, however, bo borne in mind in 
adopting such means, that tliey complicate the macliiuery, and umy themselves be a source of a loss 
of jMiwer. 

We have now to oonHider the converse of tho foregoing case, namely, the fall of temporaturo 
occasioned by expun»ion of tho air. Wo have shown that when the piston arrives at nv' n'\ the 
compressed air has a density of four atmospheren and a temperature of 917° absolute, or 456° Fahr. 
L<'t the )iist<in remain in this position until, by tho escape of the heat, the temiKrature has fallen 
to that of the surrounding atmosphen', namely, 521^^ absMdute, or 60^ Fahr.; and let the piston bo 
then lilioweil to recede to mn. The question now is; What will bo tho temperature of tho air 
wlun it has eximnded to atmospheric density? The cijuation already given becomes, for this 
ca&e; — 

Log. T, = Log. T, - 0-408 log. R. 

Uere wi have 

I/>g. 021 = 2-716sa77 
- 0'40t> l.>-.4 = 2456401 = (0*60'206 x 0-408). 

Lo^. T, = 2-4711973 

Tin- miuiKer corn .-^iMinding to this louririllim is 2lKr al>holut<', or 2U6 - 461 - —165 Ftilif. U 
thiid apiK'ar^ that the air which e»eui>os from the exhaust parti« of an engine driven by cttrnpreMM^il 
ail i> e\iv.-H?i\ily o»id. A pmctical dilliculty arising from this is the formation of ice in tho 
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ezhaoBi paangeB. Unlen means ue provided for keeping the pute eker, they may be speedfly 
blocked np, and senoiui defays aa well as great inoooTenienoe may resnlt* when hi^ de^eea of 
oompression are resoiicd to. The infinenoe of ihia oold air on the atmoephere of nnderground 
workings is, however, very beneficiaL • 

We nave seen that, owing to the imperfection of the means employed for abstncting the heat, 
there most be a loss of power, dne to the rise of temperature in oompressing air. The amount of 
the loss will be greater as the oooling arrangements are leas eHectiTe and complete. Bnt thc^re are 
other BGDTOes of loss, of inferior, but yet of voy eonsideraUe importance. One of these is the 
clearance spaces at the ends of the cylinder. Suppose, for the aake of illustration, a cylinder in 
which compression is carried to six atmospheres. When the piston arrives at the end of its stroke, 
the clearance epaoe contains air compressed into one-sixth of its volume at atmo^heric pressure ; 
and it is evident that when the piston commences its return stroke, this air must expand into six 
times its volume, that is, it must expand to its original volume, before the suction valve can open 
to admit a fresh quantity of air to be compressed. Thus there is lost at every stroke, a quantity of 
air equal to that contsined in the clearance space. To remove altogether the necessity for 
a clearance space, columns of water have been employed in the place of a piston, in a manner 
to be hereafter described. These fulfil the purpose very sati&factorily ; bat it must be borne in 
mind that they are themselves a source of loss of work, by the inertia which they oppose to the 
motive force. 8och compressors require to be driven at a low meed. Thev are commonly 
described as **low speed" or '^wef compressors, those in which a piston acts airectly upon the 
air being designated as **bigh speed" or ''dry'* compressors. It should be observed that tho 
contents of the clearance space includes the air in the receiver behind tho valve, which air returns 
into the cylinder as the valve doses. This is called the ** slip" of the valve, that is, the quantity 
of air which the valve, as it returns to its seat, allows to slip back into tho cylinder. W^en the 
lift of the valve is high, this quantity may be oonsideiable ; and when the lift is very low, the 
resistance from friction due to the contracted passsge may be great. 

Leakage of the valves ;and pistons, and the friction of the moving parts, constitute sources of 
loss of greater or less importance, according to the d^ree of perfection attained in the construction 
of the. machine, and the state in which it is mainlined. As these sources of loss are greatly 
dependent for their existence upon design, workmanship, and supervision, they are capable of 
being reduced within narrow limits. It is, however, needf lU to remark here, that the loss of work 
due to the friction of the air in the valve-ways, and to the influence of the contracted vein, is by 
no means inconsiderable. 

There is yet another source of loss of motive force, the influence of which is very great, and 
which increases with the degree of compression adopted. This source of loss, which has hitherto 
been strangely overlooked, exercises an important b^mng upon the question of economy relatively 
to this mode of transmitting power, and is, therefore, deserving of careful attention. 8ince the air 
hss to be compressed by the application of force, it is clear that tho fraction of that force remaining, 
after the important deductions have been made for the losses already described, cannot be fully 
recovered, without working the air expansively down to the pressure of the atmosphere. As this 
id in all cases impracticable, there must always be a loss of work. In the case of machine rock- 
drills, which work without expansion, the loss is very ^reat. 

Compressed air is oonveyed in pipes from the receiver into which it is forced, to the machines 
in position at the various points where operations are being carried on, throughout distances often 
considenble. In this transmission, a loss of work is occasioned by the friction of the air in the 
pipes. Numerous and exhaustive experiments have been made to determine accurately the value 
of the loss thus occasioned. From the results of these experiments, the following three conclusions 
have been deduced, namely ; 1, that the resistance is directly as the length of the pipe; 2, that it 
is directly as the square of the velocity of flow ; and 8, that it is inversely ns the diameter of the 
pipe. Upon these conclusions, formulse have been established, whereby the value of the loss of 
force may be ascertained with ease and accuracy. These formnlie show that, for pipes of the 
diameters usually employed for this purpose, and for distances not exceeding one mile, the loss of 
motive force, dne to the friction of the air in the pipes, is of very small amount, when the velocity 
does not exceed four feet a second. As this source of loss is of little importance so long as the 
velocity is kept below this limit, it is unnecessary to discuss here the formulas by means of which 
its value may be determined, or to illustrate the method of their application. 

The steam pressure required in the boiler to obtain a given pressure in the air-receivor, may be 
readily ascertained by a simple calculation of the work dono in compressing tho air. It is evident 
that if there were no loss of power from friction and other causes, the work done in the steom- 
cylinders would necessarily be equal to the work done in the air-cylinders ; therefore, when we 
have found the mean pressure in the air^oylinder, we have only to determine what boiler pressure 
is required to give, witn a given grade of expansion, the same mean pressure in tlio steam-cylinder, 
when the pistons of both are equal in area and length of stroke. When the areas are diflurc>nt, of 
course an equiviJent mean pressure must be found. But since there will be a loss duo to friction, 
the mean steam pressure must be made somewhat greater than the mean air pressure, tho amount 
of the excess being dependent upon the degree of perfection attained in the design and construction 
of the engine. 

If the foregoing theoretical considerations have been fully understood, the respective merits and 
defects of itxe air-compressors now to be described will be at once clearly perceived. 

The low-speed or wet compressors, have certain advantages over tho high-speed or dry com- 
pressors, which should here be pointed out. By using the water column, tho olcnraneo spuoes uro 
almost wholly avoided, tho pernicious influence of which spaces wc havo shown to bo very gront, 
when high degrees of compression are adopted. It has been ascertuiucd tlmt when i\w»v wi«t 
compressors are well constructed, and the density of the air is that of three atinoHpherc^H, tlioy 
furnish about 96 per cent, of the volume of air, duo to the space swept through by the pihton. In 
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dry coniprcEsors, Buch a retam aa tliia is never obtained. In the lutter macbince, there it alvayt 
gomo luijB frum the L'FCupo of air past the piston and Ihruugb the gtuffing-boiea : in the Aimier iio 
BUCh i>£Ca]<o can occur. The iraler columu also tends to kuep down the tcmporaturp, by ubeorbing 
tlio heat geneinted.a pruetical ailvmitogo of some importance. Finally, there is Icwwi-oraud teur 
in K wet mmprLMsor than in a dry one, and coiiatqneiilly repairs are leas often needed. Tlio mo«t 
serioua defect of the water oolunin lies in the uectadty for a low speed, the mosa of water in moliou 
being oonsidereble. Hence, when largo quantities of compressed air aro required, reeoorao muni bo 
had to incronscd dimensions. 

The wet oonipressor was first used by Bomineillor, at tJio Motit Coois tunnel escavation, and 
the form wliich l.o Rdoj)ted liiis not siiico Uon modified in nny uatenal degree. A oomprie^r 
of this kind is shown in' Kig. 133. from which IJie construetlon and the action will be readily 




peroeivod. It oonaists of a horizontal cast-iron cvliinler in which t}ie compressing piaton moves : 
the piston is, in this esse, paekod with leather. The cylinder is firmly fiicd upon a horizontal 
bed-plate. At each end of tliis principal cylinder, and in free oommunicatjon with it, is another 
vertical oylindor or mlunin, which, as well as the first, contains a body of water. Two ^n-melal 
clack-Talves, faced with leather, open from tlie outside inwards, and serve for the admiaoon of tho 
air : these are the inlet or suction valves. At tho top of the vortical cylinders are tho outlet or 
delivery valves. In this construction, we have upon each of the two faces of tho piaton moving 
horizontally a column of water of a certain height, whicli sscendi and doacends o* tho pinton 
advance! and recedes. During the descent of the column, tho air is dmwn into the space left bee 
by the water; and during the ascent of the column, tlds air is compreesed, and foroed into the 
receiver. As tho water is driven close up to the delivery voire, there is no cleaisnce space. 
The quantity of water is so calculatod Uiat when the piston has arrived at tlie end of its stroke. Hie 
column roaelioa tho delivery valvo ; a small quantity of water in, however, carried out thmugh 
this valve by tho air, and to replace this, a constant supply is brought in above the inlet valves, 
through a small pipe. Tliis water enters tho cylinder while the valve is open. This eloess of 
water serves to keep tho air oool ; the requisite dcgroo of opening of the cock upon the supply 

Eipc, for a ^ven piston velocity, is soon ascertained by eipenenoe. The compressed air enters a 
orizootal pipe connecting ttie two vortical cylinders of the eompressor. The pipe connecting the 
■^■"""■""TB with the receiver, enters this horizontal pipe in the middle of its length. Beneath tho 



point of Junction of those two pipes is a well, to cntch tlio water OHiriad along by the oomprened 
air. A smalt tube eniidiicta tlie water liark to the mtrrvoir. 

An iniprovnl fiirm of tliis minpriw-ir, man ii factum I by tlic HmiilKilt Engine Works Com|"»ny, 
at Kjdk, on Uic Rhine, is shown in FIiik. 134, VMi. In this conslrin'tion the piston is rcnlncod hy 
tho plunger, the stiifflug-boics of which are readily ai i . - 



ronslrin'tion the jiiston is rcnlncod hy 
slide, and costly ko[>t in order. The 
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ipiessor, tho ganewl irranp;omoiitof w)ilolil«iiliiiwn 
in VigB. 137 to 142, connata of a borizontiJ oylmdor huTinR^ a hollow ji^liton, tliii n»l rif wjilnlij 



Calladon's Air-compresior. — CoUadon'ai 



Bin ^How.poaMB through both ends of the oyliador, tlioauclloii and <llmlii»rBo viiIvp»I«'Iii«|i 
in the cylindei coyera. Tho peculiarity in Ibo oonatruction of tlili ooniiirt'iwor. wlili-li liiia 
adopted at thg St. Gothaid tnanel, ooiuiris in tho mcanii ado|i(«d for Duiilln)[ tbi«u iniU u 
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143. 



by means of a small pump placed at the side of the cylinder, the plunger of which takes its 
motion from the cross-head of the compressor piston-rod. This pump forces the water through 
copper tubes having an internal diameter of about | inch, into the spaces aa^ Fig. 137, cast in tho 
thickness of the cylinder covers, and into the annular space h b, formed between the cylinder and 
its outer casting or jacket ; the water passes off through similar tubes situate in the bottom of the 
cylinder lacket. By this means, a constant 
and regular flow is maintained. The cirou- 
latioa of the water in the piston and the 
piston-rod, is carried on by the following 
arran^ment;^The piston, which is of 
steel, 18 bored throughout its whole length, 
to a diameter large enough to receive a 
copper tube c c, and leave a small annular 
space around it. This tube is nearly equal 
in length to the piston-rod, and is fastened 
to it, at its back end, by means of a brass 
screwed plug, into which penetrates, with 
easy friction through the glands of the 
stuffing-box, a pipe //, flnmy fixed to the 
cylinder by means of an iron strap g g. The 
water, driven by the pump already men- 
tioned, passes through 
this pipe into the tube 
cc. Having riBached 
the forward end of this 
tube, it returns through 
the annular space left 
between it and the 

Siston-Fod, as far as the 
iaphragm tf, which 
consists of a brass ring 
fastened to the piston- 
rod in the same line 
as the piston. This 
diaphragm obliges the 
water to pess into the 
piston, and to cool suc- 
oessively its two fiuses, 
as shown in the sec- 
tkm. Fig. 137. The 
water afterwards es- 
through the 
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indiarubber pipe i, which is fixed to the back end of tho piston-rod. The water is injected into each 
end of tho cylinder bv means of two small pipes. Figs. 137 and 141, fixed in the upper part of the 
cylinder, their ends being closed by a metal disc /, and pierced by two inclined holes opening 
opposite each other, and having a diameter of about one fiftieth of an inch. Tho water being forced 
under considerable pressure through these holes, by means of the feed-pump, one jet strikes against 
the other, and is thereby divided into very fine spray. The quantity of water to be introduced by 
this means, is so regulated by experiment, as to keep the air completely saturated. Under these 
conditions, even when the circulation in the interior of the piston is cut ofi^ the temperature of the 
apparatus will not rise above 95° Fahr. All tho parts, indeed, remain cool, with a velocity of 
sixty-five revolutions a minute, and with the air compreteed to six atmospheres. In each of tho 
cylinders there are two suction valves and one discharge valve, formed of very thin plates of steel 
with bronze seatings, the valves being kept in contact with the seatings by means of^spiral springs 
coiled round the valve stem, Fi^. 138. The dimensions of these valves are as follows ; Suction 
valves, internal diameter of seating, 4| in. ; external diameter of valve, 5 in. Discharge valves ; 
internal diameter of seating, 3| in. ; external diameter of valve, 4^ in. 

At the Airolo end of the 8t. Gothard tunnel, twelve of these compressors have been erected, in 
groups of three, on one side of a common driving shaft, which is set in motion by four distinct 
turbines, by means of powerful bevelled gearing. Tho coupling boxes or clutches employed, allow 
the isolation of each of these four groupa with its motor, while by another mechanical arrangement, 
which diaoonnecte the bevelled gearing, either of tho motors may be stopped, the corresponding 
group of compressors receiving motion from the common driving shaft. These arrangemente 
greatly facilitate the carrying out of repairs, as they allow of any one group of compressors being 
stopped, without interfering with the working of any other part of the machinery ; for even if it l^ 
necessary at the same time to repair one of tho turbines and a compressor belonging to difieront 
groups, the remaining nino compressors can be driven, as already shown, by means of tho common 
shaft in each group. The three comproDsors o, o', o". Fig. 142, are fixed sido by side upon one bed- 
plate, and connectod directly to a three-throw crank-shaft P. This shaft is connected bv tho 
couplings Q Q' to the driving shaft) R B'. On the shofte are keyed the bevelled wheels 8, driven 
by horizontal turbines. 
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The dimenrionfl of the oompRBson at Airolo are : — 

Diameter of piston , .. .. 18*1 in. 

Stroke of piston 17-7 „ 

The theoretical volome generated by the compreesors at each stroke will 

be 2'63cnb. ft. 

And at each end of the shaft 5*27 „ 

Which will give, for each gronp of three oompressors, a Tolnme of .. 15*81 ^ 
At the nonmd Telocity of sixty-five revolutiuns a minute this will give, 

for each group of three compressors, a theoretical volume of .. .. 1027*65 „ 
At a pressure of six atmospheres, which is the ordinary working pressure, 

this quantity will be reduced to 171*27 „ 

The actual volume, as proved by experience, will not anx>unt to more 

than 70 per cent, of the theoretical volume, or 119*9 „ 

The experienoe gained at Airolo shows that Colladon's compressor, notwithstanding the oompli- 
oation of its parts, and the high velocity at which it is driven, does not require more repairs than 
the ordinary machines with water oulumns, which are driven at a much lower velocity ; while tlie 
amount of its effective work will be fully equal to theirs. It is therefore superior to the latter,, as, 
on account of its greater velocity, it is capable, with a smaller diameter and a shorter stroke, and a 
consequent proportionate reduction in tne first cost, of furnishing the same proportion of air at a 
given pressure. It also possesses the advantage of being able, with a slightly increased velocity, 
to furnish volumes of air greatly in excess of the normal quantity. This advantage, which is 
altogether unattainable in a machine with water oolumns, on account of the great mass of water 
which has to be put in motion, belongs, however, to all those direct-acting oompressors in which 
the velocity can be increased, in proportion as the cooling o( the air is more completely carried out. 
The importance of this a Ivantage can hardly be overrated. 

With regard to the complication of its oonstrnction, this exists only in the means adopted for 
carrying on the circulation of the water in the interior of the piston and the rod ; and although these 
means of cooling may be indispensable, in those cases in which we are precluded from adopting tiie 
more simple, direct efficient method of cooling by the water jots, as commonly used for compressing 
gas, it seems to be proved hy the experience at Airolo, where the circulation of the water in the 
piston has not been maintaining the temperature within those limits which are favourable to the 
proper working of the apparatus, that if this circulation be abolished, the machine will become one 
of the most simple and advantageous air-compressors. 

8turg&)n*8 Cwnpressor, — The chief object sought by Sturgeon in the design and oonstrnction of 
hia high-speed, air-compressing engine, has been to increase the percentage of the useful effect 
obtained from the force applieoL ThlM object he has endeavoured to attain, by the adoption of a 
new construction of inlet valves of his invention, which allows him to run his compressor at high 
speeds, without detriment to his machine, allowing for reasonable wear and tear. 

The receiver and steam-oylinder in this engine are cast in one piece, the air-oompreoor cylinder 
being bolted to the receiver, on the side opposite to that on which the steam-cylinder is placed, as 
shown in Figs. 143 to 145. in which a is the air-compression cylinder, c the steam-cylinder, and 6 the 
receiver. A fly-wheel shaft d, is carried by two pedestals, at the other end of the bed-piste or 
receiver 6, and to this shaft are keyed the fly-wheels e /. one at each end ; the crank- pins ff on these 
fly-wheels are fixed at right angles to each other, and are connected in the usual way to the two 
cylinder pistons. Now, as in the compression cylinder the pressure is smallest at the beginning of 
the stroke, and the greater portion of the work is done in the latter part of the stroke, wherpas in 
the steamncylinder the pressure is the greatest at the beginning of the stroke, and least at the end, 
the settinp; of the crank-pins at right angles to each other, enables the steam crank-pin to be in its 
best position to meet the increasing resistance in a similar ratio. It is said that by this arrangement, 
and with equal cylinder diameters on both sides, the air-compressor has registered* at one and the 
same time, double the steam pressure of the other cylinder. 

To meet the varjring requirements of the air-driven machinery in the supply of air, the 
following arrangement has been adopted, by means of which the steam engine is enabled to vary 
its speed automatically, so that when the au-dziven machinery is stopped, the airHXMnpreMor may 
likewise stop. 

On the flywheel-shaft </, an eccentric k is placed, which worlu the valve of the steam-engine, 
in such a manner as to lengthen or shorten the travel of the slide, according as the pressure in the 
receiver Calls below, or rises above, the required degree, which will necesnirily corrc^KMid to an 
increase or a slackening of speed. A plunger fits air-ti^ht in a recess made in the receiver 6^ and 
acccwdiugly as the pressure increases or diminishes, so wUl the plunger rise or fall, carrying with it 
in the same direction the fulcrum of a lever n, whose centre is accordingly raised or lowered in the 
guides pp. Motion is produced in this lever n round its fulcrum, by its upper end being connected 
with the before-mentioned rod m. The valve-lever t, working from a fixed centre, has a projecting 
pin r, gearing into a corresponding groove cot along the length of the lever n, so that the recipro- 
cating movement of the lever u is imparted to the valve-lever m. From this description it will be 
evident that the more the centre of tne fulcrum of the lever n rises, the more will the travel of the 
valve be shortened ; in other words, the less steam will be admitted into the steam cylinder, 
whereupon a slackening of speed must ensue. In order to regulate the prcMsnre in the receiver 6, 
a sliding weight u is attached to the rod la, which, according to the position in which it is set, can 
be made to maintain the degree of pressure desired in the receiver. When the centre of the lever 
n comes opposite the pin r of the lever a, the motion of the latter \a stopped, and the engine 
automatically comes to a stand. 

In order to reduce the heating of the oompresBion cylinder, it is enveloped by a tank, which is 
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kept eotutftntl; filled with oold water. Ai this <nter beoomes heated, it U nied og feed-water fbt 
the boiler, and Ihiu a portion of ttie heat gonented, which otherwise ptoTca detrimoutoi, i» tnmed 
to Nmie adTuitaga. All the working psjta of the machine uo counterfaalsnr«d, and it is stated 
tint, with a apaed of 220 revolutions, or 440 feet a minnle, no furthet fouadatioD a reqaired 
tlion a few wooden loga, placed underneath, to beep the flj-wheels from touching the floor. 




The construction of the air-cyliniler yalvos, whioh form 
the chief innovation in this typo of air-eompreBBOrB, will be 
fnllj nndurrtood by a, reference to the enlarged section, 
FiR. H5. These valves are flKcd in the cylinder covers, 
aoil arc duplicates at each end ; the inlet valve t ■ is placed 
in the centre of the cylinder cover in the form ofa circular 
ring. The cylinder piston ii fitted at each end with stufflng- 
twivs A A, which are accnrely pocked to the piston, so as 
t» have a frictionnl hold thereon. The inner end of tiiis 
stuffin^-boi A, is made to sit close on llie inner sorfuce of 
the cylinder cover, when the two come In contact with cacli 
other. Owing to tlie friction which tliia btuffing-boi has 
npon the piston, as the latter recedes from one end of tbo 
cylinilcr, Uie corresponding stnfflng-box becomes drawn in 
the same direction, nntil its travel is checked by the stop, 
shown in the figure, coming ngaiast the outside surface of 
the cylinder cover, when the piston completes the remainder 
of its stroke. The retnm of the piston brings the inlet 
valve close on to its inner seating, thus preventing the air 
from escaping out again whilst it is being conipiessed. To 
prevent these valv«e from coming in violent contact on 
their seattngs, when working at high speed, the crank-pins a 
moment ot contact the crank-pin is almost on its centre, or a 
thus brought gently on to its facings- without violent cone 
valves is allo^ther independent of the vncaum formed in 
owo their action to the driven piston. Hurcovcr, the oompn 



B farther bo arranged, that at Ihe 
its lowest speed, and the valve is 
ssion. The opening of the inlet 
he air-cylinder, inasmuch as they 
lied air is here turned to account, 
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in preventing Ihe yalvo from opening, until the piston has travelled sufficiently fai to allow time 
for the delivery valves to close. 

The delivery valves jj are distributed over the whole inner surface of the cylinder covers, and 
ore in direct communication with the receiver 6, through the passage g ; these valves are kept in 
close contact with their facings, partly by means of a spring thrusting inwards, and partly by 
means of the bock pressure exerted on them by the compressed air in the receiver 6. As soon as 
the pressure in tlie air-cylinder, acting on the inner surface, becomes greater than tlie counter- 
pressure, the springs become compressed, or, in otlier words, the compressed air in the cylinder 
forces its way through the valve openings and the clear passage <;, into the receiver 6, to be there 
stored. The back pressure on these delivery valves causes them to close again, and the inlet valves 
are then ready to open inwards. It will bo seen that for the purposes of repairing or cleaning, 
these delivery valves can be removed, without detaching any fust joints. 

HathorrCa ** Reliance " Air-compressor, — In this machine, which is made by Hathom and Co., of 
London, the improvements lie chiefly in the design and construction of the valves, by whicli clear 
air-ways are obtained, and prompt and certain action is secured. A referenoe to Figs. 146 and 147 
will show that the designers have aimed at and attained simplicity and compactness, qualities of 
very great importance. 

It will be seen that the aix-cylinder, which is in this case 9^ in. in diameter, is placed between 
two steam-cylinders, 6^ in. in diameter. They all have the same stroke, 10 in.; one crank 




shaft srrviiig for the three. The middle of this shaft is cranked for working the connecting rod of 
the air-pititon, having discs or fly-wheols keyed on at both ends. Tiie di^cs are fitted with crank- 
pins, on which work the connecting rods of stt am-pistons. Forming continuations of the crank- 
jiinH nro eccontric throws for actuating the slide valves, so as to avoid the wearing surface of 
pco«»ntric nheavoa actuating in their straps. The connecting rotls are of the marine typt*, with 
simple nn<l efficient provibion for taking up g(>ar. The foundation plate forms the air-rcoeiver ; 
it \A Htaycnl with inti*mal feathers cast in, which render it capable of bearing any pressure up to 
200 lbs. on tho souaro inch. The hand holes on both sides are fur convenience in casting; a 
pn>Hi*ure guugt* ami relief valve are also added. 

li<widi'>.H tho simplicity and com|)actne8s of the main parts, the valves, both for inlet and delivery, 
detkrve attention. The old thr(H>winged valve, with mushnwm top, frequently sticks for one-thinl 
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... . . ....... ight adds oonsidembl; tu tha m .., 

the maehine. Again, the ejlindriail nXY«, working oa a coatrml gaido, irilh a thimble for k..r— „ 
il Kir-tight, Bcaa wears nnciTOiiI; and caiuea the thimble to break. The inlet tkItb, ehowa in 
section and pUo in Figs. 149, 150, u a ojliodiical TiJre, gnided by a central spindle. | in. in 
diameter, and working in a hollow crlinder. The seat is formed bj a oonintl edge turned on tlia 
orerlappiag Qange.' while a paaaage Is afforded for the air bj a portioa of the penpherf, abont an 
eighth of an inch wide, being tamed out, as will bo seen by the drawings. The travel, which 
depends on the siie of the cylinder, is regulated and limited by Miewing np the nuts on tho 
guiding spindle. For a 9t-in. air-cylinder, tiio valve is I| in. in diameter, there being fonr arranged 
in each cylinder cover, as shown at Fig, I4S ; and for a 12jl-in. cylinder six valve* of the same size 
are provided. The valves and their seating are quite Bush with the inside of the cylinder cover, 
being recessed therein, m that the pUtou can come home witbLn -fg in., whereby dead space is 



tis 



cimuates, lo UKe up tbo neat 

g«iieTBtcd by the work of compreaaion. The air-paaaage is cart on the lopof tlie cylinder and on one 
aide of it, forming a connection with the reservDir as ghort and direct as possible. There is no com- 
plication in the fixing of the cylinder on the air-reservoir. Both snrbces are merely planed true ; 
and roond the orifice oF the air-passage a cbetmol is cut in the bed-plate, into which a piece of lead 
wire, 4 in. in diameter, is inserted to fotm the joinL The arrangement of cranks, the angles of all 
three being eqnally divided, is snob that, when each of the steBm-cranks ia at the moat effeetivo 
part of its stroke, the eir'-piaton is eiertiug its highest effort in delivering the greatest force of air. 

T«c Burleigh Compreaior. — The Burleigh air-compressor is remarknblo for the simplicity of its 
oonstruclion ; it lias been iu use now for a number of years, aud at some very important works of 
excavation, the chief of which ie the Iloosao tnnuel in America, where it is stated to have given 
entire satisfaction. An elevation of this compressor is slionn partly in section in Fig. IG3. It 
Mmsists of two vertical air-<!ylindcrs, the pislous of which are driven by u hoHzoutal engine. 
It will be aeen in the seetion of tlie air-cyhudcr that tlie piatotis a are worked from a, shad, tlio 
cranks b and c of which are set at an angle of 180 degrees. The driving crank e mokes with Uiese 
an angle of 49 degrees, so that the greatest work of the motor piston corresponds with tbo greatest 
resistance oppaaed to Uie comprening piston. The vulves / and g are circular plates, hold in place 
by vertical guides. Tho oorapreeBed air from tbo two cylinders is forced into a oommoD chombor A, 
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and conducted thence, ihrongh pipes, to a receiver : to take np the heat generated by the work 
of compression, a jet of water is thrown into the cylinder tiirough the pipe t. This water serves 
also as a lubricator. At the bottom of the receiver is a cock, which is opened at intervals to 
discharge the water carried over into it. 

Fowier's Air-compressors, — A pair of air-compressors constmcted by John Fowler and Co. is 
shown in elevation and in plan in Figs. 154 and 155. These engines are coupled together at 




right angles, ami hnvc ^-in. nii nin nnfl 40-in. air-cylinders, the stroke boing 6 ft. Steam is os^l 
at n prt-tMiiirr of 70 Ilm. to tUt- tnnutrc in^'li nnd is cut off at one-fourth stroke; the air is c«vmpnpsai?«l 
to 40 \\m. U> thr s^|iuirc iiwh hIk/^** tliKitiiKHiphoro. The titcam nnd cxhnust valv** arv ^ tbf 
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ordiiiATj CoTniah equilibrium type, and tie 8 id. and 9 In. In diaineter respeotiTcly. The ateain* 
tkItss are worked by a. cam on » horizontal ahaft, whiofa la driven by mitre geariog from the fly. 
wheel abait ; the euiBoat vatTM are worked by an eooentrio on the mue ahaft, and are set to cloee 
at one-aiitemith of the atroks fVom the end. 

The inlet and the ontlet ralree of the tur-eompreaalag oylinden CO are ahown in Fig, 151!, 
which ia a loDeitodinal section thioagh the air^ylinder and oovera. and Fig. 157 i» an end view of 
eae cover. Tbe inlet v^vee BB are ofeaat iron with leather flaps; tbraeaie three of these in 
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eaob cover, Tbe two outlet valves DD, alao in the cjlinder.eover, arn of brnas, and have mitre 
faOGs, li in. lone, inoUned at an angle of 30° to the valTc^apindle. Valve* made of vulcanized 
indiambber, and biaaa valves with coDimoD abort mltrea and flat &cea were tried ; but none 
were found to answer bo well u those shown in the figures. 

These eoginea are intended to work at twenty revolutiona a minute, or at a piston apeed of 
210 ft. a minute, and to indicate 482 horee-power. The regulator valve ia aet to admit auffl- 
cient steam far driving them at this speed, againat an air-preaauro of 10 Iba. to the square inrh, and 
they are then aeSf-gOTeming ; for shoold the roachinee not take air from tbe receiver aa faat aa it ia 
forced in by thu tngines, the presBore in tlio receiver, and oonaequently the reaietimce to be overcome, 
incieeses, and tbe apeed ia diminished. If the engines come to a etand.aud remain atondingfor such 
a length of time Cliat the aloun left in the cylinders has not foroe enough to put tliem in motion 
again, they are ataited by admitting eteam through a amall pipe, Imding from the main ateam^pipe to 
each cylindeiHStTer, The air-cylinders have wnter-jaoketa open at the lop, as shown in Fig. 156 ; tbe 
airia forred into the receiver B, Figs. 151 and 15^ which is SfL in diameter and 30 ft. in length. 




Fig, 158 ia of an air.comprea8oi, designed J6». 

by Bidiard Bohnun, of London, and Fig. 159 
la an enlarged view of an air-cylinder on this 
principle, but with two valves. Tbe oylin- 
aer a a", in which tbe air ia oompressed. ia 
cast in one piece with the cylinder b, through 
which tlie oompreaaed air is driven at each 
atroke of the piabm ^, by the openioga c c', 
alternately into the receiver which oonimu- 
nicatee with the cylinder 6, by the delivery 
valve I. When the piaton i eomtnenoes its 
backward stroke, the hollow platon ', which 
worka in the cylinder b, ia in the position 
ahowD, BO that as the air-pistoik i travels, 
air enters tieelj through the opening c', the 
ail in the cylinder ia driven through tbe 
opening e into t, where, being enclosed in 
tbe apace e, it passes thtougfa the delivery 
valve i into tbe receiver. The piston it 
continues its stroke nntil cloee to the back 
cylinder onvor, and as there are no recesses or valves in either of the cylinder'K»v^ or In the 

Siston itself, it practically foivee all the air out of the cylinder a into tbe receiver without loss, a 
ntnre peculiar to this compreasor. Tbe air-piston k and tbe ateam-pialon t move simultaneously. 
There ia an ordinary slide valve fitted to tbe sleem-cylinder, not shown in the figures i this being 
reveraed, eleam enters the cylinder d, and, at tlie aame time, posaiug through tlio port n, reversea 
the small piaton a, which wurka in a separate cylinder on the top on tbe main steam cylinder. 
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The rod of this flmall piston being connected with «, causes it to be reversed Bimultanconslv with 
«, and allows free air to enter a. at the same time a communiotition is made between the cylinders 
a and e, for the air which is to be compressed at the next stroke. A corresponding operation takes 
place during the forward stroke. When the air-piston k and the steam-piston t have arrived at 
the end of their forward stroke, the steam admitted into the steam-cylinder d enters through 
the port n\ reverses the small piston a, and with it e is reversed, and the machine will be again in 
the position bhttwn. When this compressor is not driven directly by steam, e is worked by mecba* 
nical means from the crank-shaft. Any compressed air remaining at the end of each stroke in 
the space in e cannot be lost, for on opening the passage c to the free air and the cylinder e, a still 
cuts off the cylinder b from communication with the free air, and effects a similar purpose at the 
other end. Thus e is never in communication with the atmosphere, but only witli that part of 
the main cylinder a or a* in which compression is going on. The delivery valve / moves verti- 
cally, and the air in the receiver being admitted to its upper surface, it closes freelv by the back 
pressure and its own weight A modification of this arrangement, especially in the larger sizes of 
these compressors, is sometimes made ; tliis consists in having the space e divided into compart- 
ments, as in Fig. 159, with two delivery valves. The air retained in tlie space f, which in large 
machines would act detrimentally on the reverse stroke, is lioro reduced in amount by one-third, 
while tlie same advantage is obtained as when the single delivery valve is used, neither of the 
two delivery valves being ever exposed to the free air. By effecting the inlet in the manner 
described, tlie free air enters the cylinder perfectly cool. It nas not to pass through narrow valves 
with the attendant friction and heating, and thus a full volume of cold air at the atmospheric 
pressure fills the cylinder and is compressed at each stroke. Another advantage obtained by 
dispensing with inlet valves, is the avoidance of a partial vacuum at any part of the stroke. 
When the inlet is effected by means of valves, these valves generallv open by suction, so that a 
partial vacuum is of necessity produced before the free air is admitte(i into the cylinder. When 
springs are used to close these valves the whole cylinder can never be filled with air at full 
atmospheric pressure, and consequently part of eacti stroke o{ the piston is ineffective, serving 
merely to bring the air wliich is to be compressed to atmospheric pressure. Should the inlet valves 
open and close by friction of the piston-rod or by suction alone, then part of the air, instead of 
Ixiing compressed, is lost at the commencement of each stroke, being driven out of tlie cylinder 
before the valves are pDperly closed. 

As the consumption of air varies with tlie work performed by the machine supplied, it is neces- 
aary to have a reservoir, in which sufficient air can be stored to render the variation in consumption 
inappreciable. Boilers and tanks are frequently used as receivers. Sometimes the base-plate of 
the compreasor is constructed as a receiver, but this plan does not give sufficient capacity. The 
receiver should be provided with outlet an«l water-discharge cocks. 

To convey air to the work, both cast and wrought iron pipes are used. A flange is oast on the 
pipes, and an indiarubber washer secures the joint between the flanges. In some cases one flange 
is grooved and a bead formed on the face of the other. Where lightness is required, wrought-iron 
piping is used, with carofully-fitted flanges. Each flange is fitted solid by interposing in a groove 
m the flange, a copper ring between the flange and the pipe ; by brazing, the flange, ring, and pipe 
form an air-tight joint. Considerable lengths of piping rcquiro means to be provided for tlie 
expansion and contraction, caused by variation in temperature. 

W. Daniell, in a paper read before the Institute of Mechanical Bngincers in 1874, gives 
some important details or experiments, undertaken for the purpose of determining the proportion of 
useful effect obtained from compressed air. The machinery employed in these experiments 
consisted of a 16-in. doublc-cyliniler steam-engine having a stroke of 30 in., and an air-cylinder 
of the same diameter, placed behind each steam-cylinder, and on the same ^piston-rod of 2^ in. 
dismeter, the general construction being similar to that of the Fowler compressor just described. 
This compressing engine was mounted on a receiver 5 ft. in diameter and 24 ft. in length, which 
served as a bed-plate. The engine worked by the air was an ordinary semi-portable engine, 
having two 10-in. cylinders with 12-in. etroko, and a common slide valve cutting off at three-fourtlis 
stroke, llic air from the receiver was taken into the multitubular boiler of this engine, which formed 
a second rec(>iver, and was ttiero cooled to the same degree that it would have been if taken through 
a long length of pipes, though probably there was less friction. The temperature of the air in tliis 
receiver was never more than 6° Fahr. above that of the atmosphero. This air-engine worked a 
friction brake, and indicator diagrams were taken from its cylinders while disconnected from the 
brake, and also while running with the load on the brake. The force expended in oomprussing 
tiie air was asri^rtained by diagrams from the steam-cylinders of the compressing engine. Tho 
di:igrums wero taken at five diflertMit pret^sures of air and steam. Thrc*e experiments were made at 
eiich pressure, and the mean results taken. These mean results are given in the following Table. 
The uumtion of each experiment was about twenty minutes, and no greater variation of air-preasure 
than ^ lb. to the square inch took place in the receiver during any one experiment. The air- 
pn-HMUies for each set of experiments were rospectively 40, 34, 28^, 24, and 19 lbs. to the square inch 
alx)ve tliat of the atmosphere ; 40 lbs. being the maximum generally considered advisable in 
precticQ, it was deemed unnecessary to go beyond this. From the detailed statement given in the 
Table, it will be seen that tlie power required to compress the air being ascertained by the steam- 
cylinder diagrams, the percentage of useful effect yielded by the air-engine at the five different 
pressures of air was as follows ; — 



pprcent. 
Airpreasnro 40 lbs. gave useful effect 25*8 

»i n *** i» »» »» »» 27 * 1 



Feroent. 
Air-prossure 24 lbs. gave useful effect 34*9 

♦1 l» 1»' n M >i f% 40*O 



The useful effect is arrived ut by adding to the power absorbed by the brake, the power 
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neqnved to work the unloaded brake, the lestdt being aaoertamed hy taking indicator diagzams from 
the engine driving the loaded brake, and dedncting from thoee diagrams the power required to 
work the engine alone. 



Pftesme of air in receiyer in lbs. to the square inch above\ 

atmoenphere f 

Mean effectiTe steam pressure in oompressing engine in lb8.\ 

to the sqnare inch / 

Piston ^leed in compressing engine in feet a minute . . 
Mean effective preasore in air-engine in lbs. to the square inch 

Piston speed in air-engine in feet a minute • 

Oroumferential speed of brake-wheel in feet a minuto 
Load on brake in lbs. 



40-0 

26-3 

190 
85-6 
108 
936 
448 




19 

16-6 

60 

170 

88 

763 

140 



Indicated H.P. &om compressing engine steam-cylinders (A) 

n f« air-engine cylinders 

HP. by load on brake (B) 

Indicated H.P. required to drive unloaded brake .. .. (0) 
Total H.P. yielded by air-engine (B-i-0) 

Percentage of useful effect nOO X — j—) 



59-4 


46-2 


18*3 


14-7 


12-7 


9-9 


2-6 


2*6 


15-3 


12-5 


25*8 


27-1 



35-8 

12-2 

7-6 

2*6 

10-2 



25 

10 

6 

2 

9 



'8 

-8 

4 

6 





28*5 34*9 



11*8 
71 
3*2 
2*2 
5*4 

45*8 



The same writer gives, in the following Table, the theoretical useful effect obtained from the 

compressed air at the five different pressures employed in the experiments, as compared with that 

which would be obtained from the dix«ct employment of steam, having the same initial pressures as the 

compressed air, cut off at three-fourths stroke. The calculation is made on the assumption that, in each 

case, the air is compressed by the employment of 70 lbs. steam, cut off at one-fourtn stroke in a non- 

coDdensing engine. The theoretiGal mean effective steam pressure is then 35*8 lbs. to the squaro 

inch, and the weights of 1 cub. IL of 70 lbs. steam being taken at * 183 lb., the theoretical useful effect to 

35*8 X 144 X 4 
the pound of water evaporated is aTTq? — ^ 112*682 foot-pounds in the steam-cylinders of 

the compressing engine. The percentage of useful effect realized in the air-expanding engine is 

taken from the actual results of the experiments given in the preceding Table. Thus in the case 

of compressed air at 40 lbs., it is shown in that Table that the percentage of useful effect actually 

25*8 
obtained is 25 '8 ; consequently the theoretical useful effect of the air at 40 lbs. is 112 * 682 x ^ ^ 

29*072 foot-pounds to the pound of water evaporated, and for the other four pressures of air the 
corresponding results are similarly arrived at, as given at E in the Table. The theoretical useful 
affect that would be obtained from the direct emplovment of steam at the same initial pressures as the 
compressed air, and cut off at three-fourths stroke, is given at G in the Table ; it is calculated from the 
following formula, in which N denotes the number of times the steam is expanded, that is, the ratio 
of the final volume to the volume at the point of cut off. In the experiments the cut off being at 
three-fourths stroke, N = h and the hyperbolic logarithm of N = 0*288. The weight of the initial 
steam a cubic foot, at the different pressures, is given in the Table, and the initial pressure is in the 
formula expressed in pounds above the atmosphere. 



Useful effect of steam =: 



/ J'^it^*! pressure -f- 14*7 
144 X I jj^ 



X (1 + hyp. log. N) - 14*7 } X N 



Weight of initial steam a cubic foot 

It will be seen from the results tabulated, that the relative advantage derived from the use of 
compressed air is greater at the lower pressures. 



Pressure of air in receiver in lbs. to the square inch above r^.Q 

atmosphere .. /i 

Weight of 1 cubic foot of steam, in lbs 0*123 



340 

110 



28*5 
099 



24*0 
0*090 



19*0 
0*79 



Theoretical useful effect of air for each lb. of water evaporated,^ 'ng . Qna 30 . 537 
in foot-pounds .. .. (F)/| 

56-453 
54*1 



Theoretical useful effect of steam at same initial pressure as 

the air, in foot-pounds (G) 

Percentage of useful effect from air compared with steam 

(■""I) r 



i 59*644 
8 



32*114 39*326 
48*393 



52*424 
63*3 






81*3 



51*608 
43*392 

118-9 



Relatively to the economical employment of compressed air, it has come within the experience 
of the Editor of this Dictionary, that in cooling the air, and letting it expand again, the attainable 
limit of useful effect is about 50 per cent. In compressing air, the whole of the force exerted in 

r 2 
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oomprMsIon appMn u heat, nod this tint expands the tlr; «6 that a larger Tolame baa to ba 
expelled tbaa if the iBiiie temperature were maintaJued. The remed; for thia loas conaiita in 
Injecting a ipraj of cold water into the compreasioii cflioder, to keep the tempenitiire unUbnn. In 
expanding the compreaaed air, the removal of the i<n fanned in the eihanst passages of the expai~~~ 
o;lindeT, on be effected by the injection of water at the temperature of about 90°. Thia w 
imparting jta heat to the expanding air, prevents the fonnation of ice, and, combined with im 
injectian of cold water into the oompreBsion cylinder, increases the percentage of uaeful effect. The 
injection of warm water into the expansion cylinder baa not been generally carried out, bat 
transmiasion of power bj oompreoiion m air would, with thia aid, compete with the tranamiaaion of 
power by water. 

ANIMAL CHARCOAL MACHINEKT. 

The most important of the naes to wliich animal charcoal is applied in the manufacturing art*, ia 
the deoololization of Bjrup in sugar refineries. Without treating of ita action, it ia snttlcient to state 
that after a time the charcoal ceases to purify the syrup, but it is found that the properties of the 
charcoal may be restored by re-burning it, and apparatus fur this purpose form, therefore, an 
important featare in machioery for re&ning angar. 

The machinery is of two kinds, in one of which the re-bnming is effected by passing the ohar 
through fixed pipes or retorts, whilst in the other revolving cjlindera are employed, combined with 
appliances for causing the material to travel through the retort, external heat being applied from » 
ftirnace in either form. 

The common practice iti the revivification of animal charooel is to wash it with water in tba 
same tanka, or charcoal filters, in which it had been plnced for the purpose of receiving augar 
liquora for filtration, by running water on to tho head of the tanks when full of charcoal, and the 
water by percolating through the mass and out at the bottom is supposed to perfonn tbe needml 
washing. For the further reviving of tbe charco&l it has been customary to convey it in trucks, after 
the washing pioceaa, to kilns healed by ruiiiBcea,in which ore placed either upright pipes or rotating 
cylinders, into which while yet wet the char, as it ia tenocd, is made to descend, anil in which it 
is dried and sDhaequently burned or calcined. When npri^ht pipes are used in these kilns they are 
necessnrily of considerable size, generally of 5 to 6 in. in diameter if round, or 3 to 4 by 8 to il in. if 
oblong. BO that the charcoal, while yet wet and not in a condition to run through small apeKuro^ 
may not stick in tho pipes. The consequence of using such a size of pipe is, that lieibre tlie rod heat 
from tbe sides can reach the centre of the mass of char to make it red hot. it is compelled to travel 
through from I j to 3 in. of charooel forming tlie etierior portions of tho mass, and owing to cbarooal 
being a bed eouductor and transmitting heat slowly, the exterior portions ere orcrbumed before the 
interior is burned at all, lliis ovcrbuming of the char ia very detrimental, and if carried to a )|:reat 
extent completely dontroys it, and fresh char is required. When rotary cylinders ore used in 
charcoal kilns they arc oiade red hot, and as they rotate the ooarscr or heavier portions of the ctiar 
roll constantly forward in advance of the moss on to the red-hot surface, and as more or leas air enters 
with the cliarcoal such exposed portions become docorbonJEed and spoiled. Bubeequcutly to such 
le-buming, the cliarcoal is made to descend while yet red hot into narrow sheet-iron chamben 
called coolers, where it is cooled by the exterior air impinging on their outer surf aces, after which it 
is drawn off at the bottom by hand. 

A oomplole plant for treating tbe chtrooal, designed by George Gordon, is shown In Figa. ItiO 
lolTS. 



Fig. ICO is a longitudinal srctiun through the vasliing and boiling cylinder and one of the drjing 
cjlindcn^ together wiUi an «xt«rior oud view of tho centrifugal sieve. 
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1 isa char Kaahingftad bailing cylinder of B hexagoiial form, nnd plaoed with ita axis tioriiontal 
utd divided into three eompartmentB A A, ImTia; six Urge plates B running longitudiaeJIj through 
eai^ compBrtment On the phites are npright ribe, eet atan angle, as shown in Fig. 161. Belwetn 
tha plates and on thesidea of the cylinder are short ribs, placed bo M to throw the ohiufrom the feed 
end towanb the exit end. EB, Ftg. ItiO, are flanges dividing the walerspoce into t)iree oompartmenta; 
the flangei on the extreme left of the Qgure being the highest. These flanges are sucoensively 
iednc«d in height, »o that the water ms; flow over each. F ia a feed roller aod belt on which tha 
char enlera. G is an adjustable feed, 

eonaiatingof aaerieeof flatpUteSihoDg iti. 

OD oentre spiadlee between two station- i 

uy iron side plates g a. The flat plates 
are oonnected at the bottom ed^ by a 
rod, by which the woAman sets the 
plates at any angle, k> that the char 
hilling Dpon them fcan the plates B, 
when the cylinder ratales, may shoot 
forward or backward according to the 
lime he may desire it to be detained in 
the cylinder ; this cylinder has bell 
months for the exit of the char at one 
fnd and of the water at theother; it is 
driTen by a chain, and levolTea on 
gnmred roUeis J at one and, and flat 
nnbco rollers j at the other. The aheet- 
iioft ahoot« K receive the wet ohar a* 
it iasoea from the washing and boiling 
cylinder, and condnct it into the centri- 
fugal dere hoppers. 

S is a cenlrifuKal sieve, oonsirting 
of an annular perforated ring divided 
vertically throogh the centre by the 
plate M, and revolving on the shiifl N ; 
this gieve i* lined with perfbrated 
copper plate or wire ganze ; it Is pp- 
vided with hoppers L, wliich receive 
the wet char and retain it while the 
previous charge is drying. The hoppers 
ara opna at the bottoms to allow the 
contents to drop ioto the sieve. The 
ceDtrifogal sieve is provided with 
scrapers O, oscillating on a shaft 
against the ohar in the sieve when it 
requires to be removed. F P are spoats 
down which the char so removed falls, 
feed the drying 
, . cntrifngal sieve 

ia provided with a stationary outer case 
to collect the water driven off from tlie 
wet cbar, which is conducted away fay 
a WBsis pipe t. 3 4 are drying cylin- 
dera, made in three parts for con- 
venience of costiug and handling; these 
are plain cylinders externally, but iu- 
tentally riM are cast therein, being set 
at an angle of from thirty to sixty 
degrees to a line drawn across the 
centre. Thivngh the centres of these 
cylindos is an adjustable feed B, which 
is similar in all respects to the adjustable 
teed a described with reference to the 
washing aod boiling cylinder 1. The 
cylinders 3 4 are provided with feed 

hoppers Q, at the bottom of which are belts a q, revolving on rollers oonnected to the hoppers and 
rollers g'. attached to the adjustable feed, as shown in longitudinul section of cylinder 3, and to a 
similar roller, notT shown, in cylinder 4, T, Fig. 160, ia a discharge sponl for the char when 
dry. The cylindera 3 4 are provided with a stniight cylindrical mouthpiece, on which is keyed 
a spnr-touthed wheel U, into which is geared the driver pinion ; the motion thus obtained on tha 
cylinder 3, is transmitted to the cylindets 1 and 4 by an endless chain. Fig. 161, working in chain 
groovcB, from a pulley on the cyliiiiier 3 to those on the other cylinders. Tlie cylinders 3 end 4 
revolve on grooved rollers at the discharge end, and on plain rollers at the feed end. The vapour 
created in the process of drying is removed by a pipe in each cylinder, placed over the feed roller at 
J. ...:-_:_. ,7 ,_.___ .L_ o... tte dMught of which cwnee off tha vapour. Theexit 




tha feed and ; thia pipe, V, enters the flue, tl 



70 



ANIMAL CHARCOAL MAOHUOIKY. 



mdi of the cflindera 8 4 are partiall; closed by atatloiuiiy plates, fixed (o the Inune of the feed B, 
these plates bnTing openings at the bottom to permit the exit of the dr; char. The three cyliodera 
ue set in bticbwork, forming three archee. Fire la applied under the feed ends of both OTlladera 
8 4, in the fumaoe ; the cnrretit of h^at paasea them towards the discharge end from X, where 
it aaoends to the upper half of these eylinders to jr, where it rise* into the cumber of the washing' 
end boiling cvlimlor, traversinK it to e and beating it, and final); issuing oat at the oomnKm 
flue. The enda of the brickwott are oloeed in b; cast-iron platea, to which the oanier nllen are 




attached, and which are secured by long bolts, running through tulm bedded In tho brickwork, 
and fastening bolh end plati-s wiliclly toKetijer. Frum (lie drying pyliaders the char proecols either 
to tlie vacuum chamU.T, or lo the re-bumiog kiln. 

Fig. 1G3 is a partial iiu.-tion of the ro-buniing lulu, with iU cooling appanrtm and the vacuum 
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clumber. Fig. 161 u ■ BcctionAl plan of o 
MID. Fig. 165 a[i cleration of one of the ret 

The retorta A are of firo-olay, but may be mnde of iron, with ntlical ohwnbers | in. wi<k * id. 
long, in dlTisions or bricks about S in. deep. The joining eurfueee are grooved and ridged. The 
topmoat brick bnl one, Fig, 163, U made nitb greater exterior dimenBions tbiin tho real, so as to 
fit together between tho ruturtu and to the lining valla of the kiln at B*, and to the roof brioki >. 



The topmoat brick is mode lo receive the cast-iron hoppera D. 
The roof of Ihe kiln is funned by hollow firo-bricks >, vliich are 
anpported on the rctotte. The hollow brick is oorored by boqio 
non-conducting matt^riaU t, and by the hollow cast-imn i>1»tea u, 
Fig. ITO. There in a lining wall V of fire-brick inside iht! outiT 
wall of the kiln : between the vdUb is a 2-in. space. The whole 
top of the kiln, except the covering of the outer walls, ia eirried 
on the retort pipes and the lining wall, so as to securo equulity of 
shrinkage. The furnace G is covered with flre-tilcs, which compel 
Ihe heat to pass up between tlie retorts at the openings ■', into tho 
floe k, which traverses, within the outer walls, three aides of the 
kiln. Tho coolers of sheet iron hang undrr the kiln ; inside tlio 
coolers is a water-chamber fixed at lop and bottom. Cast-iron 
pieces m, into which WHt^-pipes are tapped, permit cold water to 
enter at the bottom and exit at the top, tlie water tlius heated by 
cooline the chiir, is ltd away to tbe WBsbint> cylinder 1, Fl^. lUO. 
Instead of pipes, this wntcr-chamber may be made of iikitc iri>n. 
The bottoms of these coolers are furnished with slides, wliich 
open or shut holes in the bottom casting through which tho char 
makes its exit; these slides being vorkod intermittently, and so 
regaUted as to retain the char in the pipes the required length 
uf time calculated for biimiuf; the char sufficiently. 

Figs. 166, 167, are a section and plan of the vacuum chamber 
or acid bath tank, which consists of a plain cylindricnl vi-sscl with an opening at the top J', 
throDgh which the tank is filled ; J J are two doors at the bottimi by which the char is taken out 
■gain : E is a vertical pipe in the centre of the tank, with a perforated part p and a solid part K 
attemately, the perforated part being covered with fine wire guuzo, lusiile of the pipe E is another 
pipe L, for the purpose of filling np Ihe apace inaide when the acid is used. M M are aniiutar 
pipes, wbicli are perforated with fine holes for distributing through the body of tbe char an ncid 
or alkaline bath, steam, water, or hot air; N is a vertical pipe through which these pass to the 
annular pipes ; P is a branch pipe to which the air-pump is attached. 

The general amingemcnt of Gordon's apperalua for treating animal charcoal will be aten 
on reference to Figs. 1(18 lo 171, which represent ru [uirtion of tho clinr tank room of a sugar 
reUnury, aud a goucral plan uf tho atracluro coutajniiig thu washing, boiling, aiid drying cylintlera 
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and oentrUtagtl dnuning ^en, the Tacnnm ohuntiaa and the le-baming kila uid oooleia, together 
<rith the belts which amnect the vhole for curjing the chu and the gnuluating appanitiu Tor 
flnt feeding the belt, all dnwn to a wale of abont | in. to a foot. 

Fig. 168 it a genetKl plan ; Fig. 169 ■ Terticsl eeotion throagb the line A B in P^- 168 ; Fig. 
170 a netion tbraagh the line G D ; and Pig. 171 a wctiou through the line E F. Ttiia anaiig&- 
ment ia suitatda fot a leOuerj whera the ohar may reqniie aa acid bath freqneatlj. 




H are two seta of waahtog and dicing cylinder ; F F are two Tacnnm '""""w* " "™° 
bath tanka: 3 the ro-bnnmig %ili., I tie wfllla o a hou.M eoutwnmg the "li""* »Pf"f "J 
6 ia the chimney for the flnoa fiom both Mta of waabing and drying cjlmdoM and the kiln, b ia a 
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belt pMnng through the eutem room, which is loaded with char to a regular thickneiw bya regulator 
loading table ; the char is carried forward and fsdia off the belt iato the washing aud boiling 
cylinder ; when the belt is passing over the roller to return, the char is passed through the washiDg 
and drying cylinders, after which it is emptied into a box a, in the bottom of which the belt 6' 
travels round a roller. The char is carriea by the belt 6' to the box a' into which it falls while 
passing over the roller ; at the bottom of tlus box is a roller over which a belt 6" pasaes ; the char 
is again carried by the belt b" until it falls into the shoots in passing over the roller at the top, 
and desoends into either acid tank F, or on to the belt marked 6'", which feeds the kiln 8. After 
the Taouum and the acid bath have been applied, and the surplus acid having been pumped or 
drained cfS, the char is taken out at the bottom and placed on tne table a", in the bottom of which 
is a regulating feed which loads the belt^G, which latter carries the char until it falls upon the belt 
c', while passing over the roller ; the belt c' now carries the char into the second set of washing and 
drying cylinders, where the adds and salts of lime are washed out and the char again dried, when it 
falls into a box C," Fig. 169, from which the char is carried by the belt up to a box d, which is 
•eparated from a' by a central division. At the bottom of the box (/, the belt e passes over a roller, 
and carries the char up until it passes over the roller and falls down a shoot on to a belt ; over this 
belt are two diyiders or scrapers e' tf', which cause the char to fall in eaual quantities on each side 
of the kiln ; the char having passed through the kiln, falls from the coolers on to belts/, under the 
kilo, which carry the char and let it fall on to the belt/*, this carries the char back to the cistern 
room. 

Figs. 172 and 173 are of an adjustable feed table for loading a carrying belt to a regular thickne« 
of char. ^ is a hopper, having Cor its bottom a belt moved by rollers g\ which are driven by a rope 
pulley g^ ; this belt has on its surface vertical cross bars, which catch the char and impel it forward 
until it drops on the carrying belt 6, shown in the general plan. Fig. 168. A slide z in the end of 



172. 



173. 




178. 



the hopper, above the bolt, may be raised at the will of the operator, so as to permit more char to 
move forward with the belt than the vertical cross bars actually catch ; the feed may also be regu- 
lated by driving the belt-pulley g" faster or slower. 

Fig. 174 is a view partly m section and partly in elevations of two retorts, coolers, and aore»> 
series as arranged by Buchanan and Vickeas; the main object in these retorts is the carrying off 
the gases evolved by the re-burning, but they also bum the char very equally. 

a is an internal pipe with diago^ holes 6 for carrying off the gases formed during the re-burtdng ; 
c, hoods serving to turn the charooal during descent, to ooUcct the humid gases eliminated, and to 
keep the holes or perforations 6 free for the passage of such gases into the pipe a; d is a pipe for 
oonyojring the gases from the pipe a to the flue or chimney. The charcoal is fed through the 
opening e, and after being burned whilst desoendinff through the retort e, is received by the oooiers 
and delivered to the measuring boxes g; A are steadying pieces for preventing the charcoal during 
descent from sticking between the retort and its perfo- 
rated tube ; the space for charcoal increases in tiansverse 
section from the top downwards. 

Fig. 175 represents a longitudinal yertical section; 
Fig. 176 is a transverse vertical section ; and Fig. 177 a 
sectional plan of a mode of traversing the charcoal 
through the retort during re-burning, introduced by J. F. 
Brinjes, in 1867. The general arrangement of these 
retorts in the furnace is sunilar to that at p. 104 of this 
Dictionary. 

A is tne body of the retort, and B B are the longi- 
tudinal ledges serving as elevators, which are cast on the 
interior of tne retort. G C are inclined deflecting plates 
secured to the stationary shaft D, which is supported in 
a central position by brackets E, at each end of the 
retort. F is a crank-handle fitted on to the outer ends of 
D, by which the position of the shaft, with its deflecting' 
plates, may be readily adjusted to give the desired speed 
of traverse of the substances through the retort For this 
purpose a quadrant G is employed, having holes made 
therein, and the handle F is nxed at any given position along the quadrant by the aid of a pin A 
passed through the handle and inserted into one or other of the holes made to receive it. The sub- 
stances to be treated are fed into the retort from a feeding hopper nt H, and are dischargnl at the 
opposite end of the retort, either into a second retort, or into a volute cooler I, seen in elevation, 
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Fig. 175, and Sa plu. Fig. ITS. The defleotiiiK pUto C, Figs. ITS to 177, 
greatest angle, but if the shaft D be tamed mom or len within an are of 90°, t 



„ — dunm at their 
anj nratioa of thi* 




angle with a horizontal ploDo maj bentitarncd.nnUI bybrinjring tho doflodliiR plalr» fnio a TnrtlRal 
poution, tbo7 wonld oease to act aa dcBocton, and wuuld allow tho material to lall fiom Uki kdgo 
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B, direct on to the bottom of the retort, in which case there would be no progreB«ion. Instead of 
flzing the plalsB O U> the shaft D, and turning tliat shaft in its supporUt, in onlcr to vary this 
acting ungle of the plates C, they roar he bingtd to the ahaft, and thair angle varied by a longi- 
ludinal rod in oonnection with the series of hingod dcdectors. 

The retort in Figs. 179 to 182, which relate to a method of re-burning aoimal charcoal, dcTieed 
by P. T. Gloodwin, is ooostructed of cast iron, mid is divided into two iotemiil longitudinal chambers 
by roeaosof a diaphngm of oast iron which is placed in the interior of the retort: if the retort U 
made of a oonngated form, the oorrngstioos form a scries of grooves extending the whole length of 
the retort, and the diaphragm may be fixed by being placed in two of the corragatioiu ; bat for 
onlinaty work it it held in poamon bj means of Mokat* attached to the interior. 



Fig, IRO Is a front cloTationof the apparatus, an J shoirt the node of driTinga poir of retorts ; 
Fig. 179 is a lonritudinol vertical section of the same taken through the centres of the retorts ; 
Fig. ISl Is a back end elevation ; in these flfpircs the retorts are repretented as completely monnted 
and in working order. Fig. 1H2 showi a transverse sectional elevation of the retort and divisiun 
pluto. 

A and B are the npper and lower retorts placed horizontally, and ate surroDnded by brickwork 
C 0, a clear space c c being left round both n-lorts, for the free circulation of the flame and prodDcts 
of combustion from the furnace D, which escape by the flues E E, into the main flue F leading to 
the cliimney. The retorts are carried on antifriction rollers G O, which are supported by fromM 
H H, fixed to the columns H' H. The main shaft J J Is carried In bearings K K, supported from 
bnukels fixed to tlie columns II' H ; Diis sliaft Is actuated by a slenm-enKine, and rcTOlvea in the 
diruction of the arrows; Ziio mitroclutch-wlieol for Communicating the power from the main riioil 
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J to the Baitie-wheel Z', which is keyed on the spindle of one of the rollers on which the retort or 
cylinder rests ; a rotary motion being given to the roller canses the cylinder to reYolve ; g g, Figs. 
179, 180, are small cog-wheels keyed fast to the spindles of the rollers G G. An endless fGat 
chain commnnicates tn^ motion to the roUen supporting the bottom cylinder. The cylinders 
revoWe in the direction of the arrows, and the speed of working may be varied as desired. Each 
retort is shown with grooves M M, Figs. 179, 182, cast on.tl«B interior and extending the entire length, 
in which are fitted loosely a number of diaphragms, N N ; these have projections cast on both sides 
nn, so that when a rotary motion is given to Sie retort^ they tnm over and agitate the charcoal, 
and from the shape of the projections cause it to traverse from one end of the cylinder to the other. 
The dotted lines show the relative position of the projections on the opposite side of the plate. The 
retorts are provided with end plates P. A {eea hopper o is fitted loosely into the end of the 
cylinder A, and is connected to Uie charging floor R B, by a pipe. O is a feed valve^ shown closed, 



181. ^ 



180. 




for regulating the supplv of charcoal. The charcoal, after traversing the top cylinder, is discharged 
through the hopper 8 which is connected to the bottom feed hopper T by a pipe s. The charcoal 
then passes through the bottom cvlinder and is discharged through the hopper U into the cooling 
box y, which is provided with sliding doors at the bottom V V. U' is a sight-|lass fixed to the 
hopper for examining the charcoal while being re-burnt. A pipe Y is fitted to the top discbarge 
hop^r S, for the purpose of carrying off the vapours or gases, and also the dust and finer 
particles given off during the process of re-bumiog, these being taken into a chamber, where the dust 
and fine particles are deposited, tf is the fire-door, and d' the ash-pit. The division plates N are 
eo arranged in the cylinder that there is an open space between each. The retorts may be used 
singly inatead of in pairs, but the latter is the preferable mode of arranging them ; the top cylinder 
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wtectioQofMmeculineODof Fig. 164. 




Twn longituiliti&l cut-inm flnl bar* B B. of nmrlj Ihe anme len^h u the ivtort A, ue AxmI >t 
• Bhnrt iliatancrfmni its aides hfinMDs (if rmn pieces, anBstu love > npacfl betveeo theironteredKn 
■nil UiP inner iiiIph nt Ihe TPtnrt. One Hide of each nf tlir hnn B B ja Atted with n VTira of pro- 
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jcctiog pieces G C, pitched at equal distances apart ihroagh the whole length of the bars and at 
right angles to tlieir edges. These projecting pieces are incUued in the direction of the length of 
the bars B B, their lower parts being nearer the discharge end, and their upper parts nearer the 
feeding end of the retort, and serre to propel the charcoal under treatment. The bars B B are 
each provided with a longitudinal flange D D, of the same height as the projecting pieces and fixed 
to one of their edges, the nearest to the side of the retort, so as to leave a space between the flanged 
edge of the bar and the retort, for the passage of the charcoal, the other edge of each bar being near 
the centre of the retort The bars B B are fixed at equal distances from each other, and at such 
an angle that when the ret jrt rcTolves, the bars B B alternately take up a portion of the cliarcoal 
which enters the retort at £, and retain it until they rise sufficiently to make it fall, by its own weight, 
on to the back of the other bar, when it will be distributed oyer the surface of the retort. At tha 










same time the projecting pieces enter the charcoal and carry it forward to the discharge end F, 
where it is discharged through the hopper I, into the retort beneath, or into the cooler or receiver, 
as the case may be. The distance to which the charcoal is advanced and the quantity advanced 
varies according to the angle and height of the projecting pieces. For the purpose of discharging 
the charcoal after it has been brought to the discharge end of the retort, scoops G, Figs. 188 and 184, 
are fixed to the end plate H ; one scoop only or more than two may be employed. The plate H is 
fixed to or forms port of the retort and revolves with it ; it is fitted in its centre with a discharge or 
hopper I, round which the retort turns. This hopper consists of a cup or receiver t* projecting into 
the retort, and of a circular form where it fits into the end plate at/, and of a pipe J of a rectangular 
form outside the end plate. The charcoal taken up by the scoops O fiftlls into the cup i, then passes 
down through the pipe J into the retort below it, or if tiiia be the lowest retort, into the cooler. 
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Instead of employing cylinders of cast iron, having within them internal projections ananffed 
spirally, and mounting them in saddles at each end with friction rollers, npon which they revol?a 
freely over the furnace by meiins of wheels, or the common series of vertical pipes, cylindrioU retorts 
of fire-clay, set in rows, similar to retorts for gas-making, have been proposed by John Denton, and 
these are set with an aroh to cover each series of retorts to be worked together. 

In Figs. 186 to 189, relating to Denton's retorts, A is the outer brickwork of the kiln; B, the 
fire-brick aroh; G, the fire-brick linings and walls; D, the supports for the lower series of retorts; 
£, the fire-lumps, for supporting and framing up tiie upper retorts upon the lower, and the whole 
within the aroh ; F, the retorts ; O, the furnaces ; H, tne furnace doors ; I, the ash-pit ; J J, the 
top flues leading to the chimney, or to a heating chamber interposed between the kiln and the 
chimney ; K, an incline shoot, which is intended to be employed for further drying and warming the 

187* 




^i^gfi 



char, before it enters the receiving hopper L, at the base of which, between the breeches pipes M M^ 
is a shut-off flap valve /. with a handle lor working it N N are the covers or end pieces for enclosing 
air-tight the retorts, O being the shafts or axles rotating within the retorts, at one end of each of 
which the horizontal tubulur junction, or suction, pipes, are shown connected with the exhauster. 
whiUt at the optxMiite vnd of each shaft are the mitre bevel-wheeU P and F, the latter being mounted 
upon horizontal shafts K K, which io<::ether with the hollow axles are carried in brackets 8 8, 
part of the framing projecting from the uprights T T. IT is a iKirizontul air-tight trunk, which 
receives the char discharged from tlie finishing end of each of the throe lower retorts through the 
trunks V. Connecting slioots at the oppotute ends of the retorts conueot the upper with the lower 
•erics. 
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Fi^. 190 fllostntes a ooaTenient arrangement of the kiln with the appantna for washing and 
porifying the char hj the hmnid prooeaB^ as a treatment preparatory to the re-burning, am] tho 
arrangement of these apparatus will be readily undentood by reference to the Figs. 186 to 18iK 

Fig. 191 being a plan of the left-hand pntion of Fig. 190. 




Within each retort^ is placed a alia ft or longitudinal axle oapable of being rotated or revolved, 
having upon it a series of vanes or wings arranged spirally like an endless screw, so as to move the 
charcoal forward from the back or receiving end of the retort to the front or deli very end. 

The shafts O are carried in b^^ngs, provided in the covera through and from which tliey projt'ot, 
and on oae end they have a worm wheel. 

The shafts are formed of iron tubea with perforations along them ; the driving end is pluggeil, 
and the opposite end has a stuffing box in which it is free to revolve, connected with an exht&u^ter, 
and throngn this the vapoura and gases given off during the heating and the re-burning of the 
diarooal are dnvm off, collected, and condensed. 

ANTIMONY. 

Antimony ores are generally treated either to obtain crude antimony or a regulus, other pre- 
parations of antimony in the market being bye-products of manufactures not interested in the direct 
extraction of the metal. Crude antimony or sulphide of antimony, Bb,S„ results from the liquation 
of grey antimony ore, or stibnite, the residues consisting of the gangue, chiefly quartz or silicate, and 
oontaming, after the process of liquation, a high percentage of antimony. The more crystalline is the 
Bur&ce of the metal produced, the higher will be the percentage of antimony in the residues, a fact 
long known to metallurgists, but eluding their skill to obviate. The following experiments by C. H . 
Hering, of New York, have been attended with some success, on the large scale, in the reduction 
of the percentage of metal contained in these residues. 

Antimony ores may be considered as ; — 

Bich ores, containing more than 90 per cent of sulphide of antimony, and ground, for paint, 
without treatment 

Liquation ores, with 45 to nearly 90 per cent, of sulphide, in nut-sized pieces, used only for 
manufacture of crude antimony. 

Smelting ores, having the same percentage, and obtained by hand sorting or by dressing. In a 
powdered state these are roasted in a reyerberatory furnace with reducing agents, and used for the 
manufacture of regulus. 

Washing ores, low grade ores, which are dressed. The high grade material obtained must, on 
account of its fine state, go to the smelting ore. 

Metallic antimony may be directly obtained from grey antimony ore hj the precipitation procesn, 
by smelting the ore with metallic iron, and generally with an addition or Glauber salts and 
some charcoal powder. In practice the quantity of iron added is generally not more thnn 40 parts 
of iron for 100 parts of sulphide of antimony, because in sniclting a mixture of sulphide and sub- 
sulphide is formed, and because an alloy of antimony and iron is easily absorbed hj the metallio 
antimony. Great care must be taken in adding iron if the ores are impure and contain either Icod, 
copper, or arsenic. The following is an analysis of the material worked ; — 
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Fel 

FeS, 

BiO, 

A1,0, 



Per Cent. 

20-40 
2-87 
1-23 

59*84 
4-65 



Per CmiI, 

CaO 5-22 

CO, 410 

Alkalies, and loss 1 ' 69 



Total 10000 



The firat attempt to manufacture metallic antimony from the residues of liquation, on a small 
scale, was made by smelting in a crucible in a wind furnace, the charge being ;— 10 Iba. residues, 
3 lbs. puddle cinder, 4 lbs. soda, and 50 lbs. charcoal powder. The result was, 1*12 lbs. metallic 
antimony and 3*32 lbs. of sulphide of iron. The antimony was very pure, and it separated easily 
from tiie sulphide of iron. In consideration of the chemical constitution of the residue of liquation, 
it is necessary to calculate a charge which will easily yield fusible slag in smelting, obtained by 
increasing tibe quantity of puddle cinder, an analysis of which showed ; — 

Per Cent. P«r Oeol. 
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A1.6, 
Fe .. 



18 2 


Fe,0, 
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FeO 
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CaO 



. 14*8 
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The limestone held ; — 



Per Gent 

8iO,(+Al,O0 1-60 

CaO 5516 



PrrOot 
CO, 43-34 



It follows from the analyeis of the residues from liquation that to attain the object in view Bh|S, aa 
well as FeS, must be decomposed by iron. Assuming the products to be metallic antimony and FeS, 
the results of tliis decomposition are 6*088 parts of sulphur, which for the formation of Fe8 reqoiie 
10*654 Fe to be furnished by the puddle cinder, an amount contained in 18 parts. 

In the following table line III. contains the sum of I. and II. ; in lY. the metallic inm, aaweU aa 
the oxide of iron in the puddle slag, is calculated as protoxide. Similarly the entire amount of iron 
in the 18 parts of puddle cinder in 4 has been assumed to have been reduced to metallic iron. 
From III. it will be seen thsA the oxygen of the acid exceeds the oxygen of all the bases by 29*753 
parts. This oxygen could only be covered for the formation of a mono-silicate by about 350 parts 
of puddle slag, or by 200 parts of limestone. Such an amount of flux would be enormous, ana the 
addition of limestone would i>e impoetsible, because a very high temperature would be necessary to 
fiisc the slag. Experience has taught that slag with numerous bases, such as alumina, protoxide of 
. iron, lime, magnesia, is fusible even as a binsilicate, when the alumiua does not predominate, provided 
the amount of the other bases is six times as great as that of the alumina. The foljowing charge 
may be recommended ; 100 parts of residues, 150 parts of puddle cinder, and 40 parts of limestone. 
Or, 100 parts of residues, 140 parts of puddle cinder, and 40 parts of limestone. 

The furnace worked regularly, the smelting zone remained in a proper place, the top was cooU 
and the fumes were thin, blackish, but became glowing red as soon as the charge sank 1^ ft. below 
the top. In the latter case sulphide of antimony ana some oxide of antimony were sublimated. 
The product obtained in the first experiment was analysed ; — 

Slow Smelttng. lUpid SmelUng. 

Iron 64*31 60*24 

Antimony 27-99 31*44 

Sulphur 6*61 803 



Total 98*91 9971 

When the amount smelted was considerably increased and finally doubled, products were obtained 
holding from 40 to 61 per cent, of antimony. The speiss, or partially reduced metal, grew richer 
in antimony the more rapid the smelting. 

The proiluct of the second tap of tiie last experiment was taken from the mould too early, so that 
a liquid part flowed from it. After chilling it was broken, and it was then found that the masa 
which had been liquid possessed physical properties differing from those of the solid disk. While 
the former had the appearance of a nickel speiss, the fracture of the latter was like that of fine-frrain 
pig iron. The cavities were filled with a large number of thin bluish crystals. Both products 

were examined ; — 

Not CryBtalllied. CiTi'tnlHied. 

Iron 45 12 45*88 

Antimony 46*76 46*13 

Sulphur 8*81 9*03 

Total 100 69 10104 

The reniduea of the manufacture of cmde antimony may be smelted for regnlus in a blast 
fiirnuce, if the dimensions of the furnace and its appurtenances are well selected, and the charge has 
bi^n miide so easily fusible, that at least 14,000 lbs. of residue are put through it in twenty>four hours. 
In tliia the product will be a rcgulus of antimony separating caaily from \he sulphide of antimony, and 
riHiuiring only refining in a crucible. The work will prove easier, simpler, and cheaper if products 
richer in antimony can be addt-d to the residues. The following method may therefore be proposed 
as one practically valuable for working residues from liquation. 

The material is fitst smelted in a blast furnace 3*8 ft in diameter and 20 ft. high, as the 
smallest dimensions admisnible. The inner furnace space must be cylindrical, and the blnst must 
be conducted into it by several tuyeres, at least three. The diameter of the nozzle must be so 
chosi'n that 500 cubic ft. of air are blown in at a pressure of 6 in. of water. This will permit 
the reduction of 14.000 11)S. of residues, with Uie corresponding amounts of fluxes, with a con- 
sinnption of 14 per oi^nt. of coke. Tlie loss of metal will amount to less than 10 per cent., bat 
ci>n den nation chambers are al)8olutely necei^ary, U cause sulphide and oxide of antimony volatUizo. 
It would also be very advantageous to collect the molten materials in a movable health. The 
labour neci^ssary for working the furnace dnring twenty-four hours would be ; 2 smelters, 2 helpers, 
8 clmrgvra, 2 machinists, and 2 labourers for ntoving nititerials. Tlie consumption of fuel for the 
generation of ntenm for 10 horse- |x>wer would be about 8o0 lbs. at a maximum. 

The crude rt^ulus prtnlnoiHl bv the blas^t fiimnce contains more or less iron and sulphur, 
and uchmIm r«*tining. A Munple of the raw rcyulus in taken and examin«-d for the impurities 
nii'ntioniNl. Acrortlinir to tlio amounts prt^ciont the addition of grey antimony ore is made, and 
at'tor mixiniT with 8(^la and (tlnnN^r siiltji, the mw rt>i;ulus is i>molti*d in a reverbt*ratory furnace. 

Tho nlnunl rt truhw obt:iin<Hl ii», aoc«»nlinjj to t'irtMim^t«iic«i*, Mihniitti'd to rrflning in a crucible. 
T)ti4 mny \v d(»no din^ctly ^^ith the raw rttrulus if its ihipuritii'^ do nut oxeoed 2 percent. The 
ri'^ulu.** IS binkt-n into i>i<<«^'i« and clmr^tnl with ciiuhr iT\^m retining. If the iron predominate, 
sulphide of antimony and |^>tnsh alone are addtxl ; if, liowevcr. sulphur is present in larger amounts, 
iMttttxh and liiitintoiuate of nntiniony are the be«t fluxes. The characteristic star of the antimony 
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cake, cast after refining, shows the fineness, and oonsumers can safely jadge the quality firom this 
property. 

Certain local circumstances, as high price of coke, or absence of motive power, may make 
working in a blast furnace too expensive. In places so situated that lignite or peat and wood only 
can be obtained, a reverberatory furnace is to be recommended, wiw gas firing apparatus and 
a condensation ciiamber. The charge sliould materially differ from that for the blast furnace. The 
fiuxcs require to bo very readily fusible, so that the charge would soon be covered by a glaie, thus 
preventing any great volatilization of antimony. If such fiuxes cannot be had the condensation 
apparatus must l>e ver^ extensive. By firing with gas it is possible to obtain directly saleable oxide 
of antimony. The antimoniate of antimony settling near the furnace proper should be reduced to 
metal by Ci>a1. 

Another method of extracting antimony is by the wet way with hydrochloric acid. Sulphide of 
antimony (lihHolve« so very readily that any loss of metal caused oy incomplete decomposition 
of the sulphide is impossible. The antimony may be precipitated by addition of water, and 
sold or reauced for metal; or by other metals, for instance, iron, or zinc. The formation of 
arHeniureted hydrogen should be carefully avoided, as it is one of the most violent poisons. The 
olectrolytical method of reduction may be employe<i, on account of the high atomic weight of the 
antimony. The formation of explosive antimony takes place under certain droumstanoes attending 
retluction by electrolysis, but is not dangerous. One disadvantage of the wet method is the gener- 
Htion of Bulphuretod hydrogen in dissolving The latter might be t^ed for precipitating the antimony, 
(he apparatus bein<; similar to those employed in removing arsenic from sulphuric acid. 

AALES AND AXLE BOXES. 

Tlie axle of a carriage, whether for road or rail, is one of the chief structural parts, as upon its 
strength dcnends the safety of the whole superstructure, and upon its freedom of working the 
economy in draught. In any device for making the wear safe and economical there remains the 
fact that the axle has to bear tie weights of the carriage and the load, and that arrangement of 
axle and box will tlierefore be the best in which the greatest strength and freedom from wear ia 
given to thi^ part. The following a!e some of the most eenerallv adopted systems : — 

J. N. Smith, of Jersey, Americn, employs a universiu or ball joint used between the lining or 
bearing and the saddle, one of the objects being to provide for the introduction of these axle boxes 
into the pedestals now in use. Fig. 192 is a front view of axle box and oiler set in the jaws of a 
pedestal of a car truck. Fig. 193 is a vertical section. Fig. 194 is a vertical section of the housing 
and contents. Fig. 195 is a vertical cross section. A is a pedestal of the common form, fitted by 
drilling holes for the bolts a a, which secure the brackets B B to the pedestaL The bracket! B 6 
are so formed ss to leave a slotted way between them and the pedestal for the flanges on the 
slide or saddle C to slide up and down in. The slide C is open at the bottom to admit the housing 
D, and has a spherical seat c in its under side to receive the ball d on the housing, and 
form a ball-and-socket joint, the housing being free to follow the motions and direction of the axle 
in order to avoid cramping and bearing. To prevent the thrusting of the housing out of the 
pedestal by any sudden and exoesfiive side swaying of the car, lugs or projections are provided 
on the sidea of the housing, which come in contact with the side of the slide C at/ as soon as the 
ball d Itiives the socket c, bv which the motion of the housing in this direction is confined within 
the limits of safety. Should sudden derailment of the truck occur, the housing is prevented from 
leaving the pedi ntsl by the ledges or sides / ot the sUde C striking the tops of the plates gg, which 
form part of the braclojts B B. 

Instead of this provision, the brackets B B are sometimes extended downward, and form hooks 
h A, which will catch the bottom comers of the housing, and keep it in the oedestaL Swells 
or ridges i i are formed on the inner faces of the brackets B B, to permit the housing to swing 
slightly around a vertical axis, passine through the centre of the ball joint, and at the same time to 
prevent its swinging or tumini; around the axis of the journal. The strap E is out away between 
the jaws of the pedestal, obviating the necestitv which would otherwise exist for its removal. The 
bolts a a are kept from unscrewing by the Iock ynahenjjy which are simple sheet-metal washers 
having projecting portions on their edges, one of which projections is turned up against the bolt 
head, and another down oroand the comer of the bracket B. Inside the housing at the top, and 
resting upon the iountal in the usual manner, is the bearing F F. This bearing is of any suitable 
lining metal, and!^ is cast in a cast- iron shell G, having pins or studs /k A on its inner surface, which 
incline towards each other, and lock or dovetail the bauring to the shell or backing O. 

When the bearing F F is so far worn away as to reqnire renewal, it is removed and melted off 
frf>m the backing, and a new one oast in its place. To facilitate the removal, a slope or inoline 
11 is cast on the tmttom of the housing to receive the head of a lifting jack. On operating the jaok, 
the incline H causes the housing to roll in the ball joint so as to lilt the outer end of the lining 
above the button / on the axle, and then a slight lift of the jack relieves the rear end or heel of the 
lining or bearing, when it may be readily removed, and another substituted fbr it. The journal I 
is supplied inith oil fVom the bottom of the housing by an endless wick J, which is carried on a 
rocking pad K, to which it is secured by the spring stmp m. The pad K is held up to the journal 
by the vibrating frame L, in which it has a bearing n, and it is kept firom being julted off from this 
bearing bv the spring o. The frame L is hun^ on tmnnions pp, which rest in half-socket bearings 
q 7 formed in the sides of the housing, and are held in these bearings by the depending legs rr 
of the stopping bar M. The end of the frame L, which carries the pad K, is forced up by the 
downward pretuure of the slide N on its opposite end. This spring slide N is attacht^i to the 
stopping bar M by the bolt s, and is forced down by the sprtug I. Hinged to the frame L is 
a jumper or fee<ler O. This jumper has one or more teeth or nooks on one side of it, which catch 
into the wiek J when the jumper is thrown up by the jolting of the truck, and by means of the 
weight of the jumper the wick J is pulled around. m)t only is thus secured a plentiful supply 
of oil to the joumaX but alto the premature wearing out of the wick by the continual robbing of the 
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jonrna) apm it at one point prercated. The afopfiag bu H u •npolted vHh oQ b; mtmut of an 
endleBi inek P, which puna mnniDd a tomblcr or clack c* aa huag In a slot io the beaiiiiK &ce of 
tbertoppiDg bar that it hu a oonitaiit loidenf? to E^ ftrwaid, and eut; the wiok againit theead 




and bjnwaiuortheweightof the jamper draw tbswiok around. Tbii eninrat an adeqnate fuppW 

of oil to tbs end of t)ie axle, and prerenta the coiiBtaDt wearing of the wick In one plaoe, whion 
would ocotir if tlie wick ahDuld Dot be moved. 



The opening at the outer end of the hoadne ii closed by a dlding door H. When it Is ^nt it 
ii fastened hy a Bpring boll t", wbifh «boota into a aooket or reoees in the aide of the hoaainK. 
Another socket is provided for tbe bolt to enter when the door ia raiaed w aa to keep it up. The 
door is packeil to exclude the dust. 

At tbe end of tbe houeiiig where the axle enters it th« opening aittnod the azlefs cloaed b; two 
diut excluding platea V and V, which are halved logetber at the oentie, and fit seenratelj nruund 
the axle. The edges of tbe platea in contact with the axle are enlarged so as to form n ring of 
<«nriderable width and tbioknen. The plate U is held down and tlie plate V raiud, so as to keep 
them both in contact with the axle by springs, which are fustened at one end to theplBtMand 
it the other are held in notchea in the sidea of the homing, A flut plate ol »pring, having ila 
■ [t the housing and exolude the doat, is rivetted to tbe 



?r edge so bent a 



a lie cloself b| 



upper edge so 
plate U. 

In Fig. 196 the improvement ia represented in its simplest form. By tliis construction tba 
brackets are dispensed with. The momentum plunger L is tubular, to convey the oil raised by Its 
vibrations to the height desired. This tubular plunger is placed in a vertical aperlnra or reoeas in 
the stopping bar M. 

The plunger lias sufficient weight to spcars the ncMaeary momentnto, and to render its vibratory 
motiona senailive and effective it is partially or entirely supported by a spring. Ita upward move- 
ment may be limited by its nppor end striking the top of tbe bonaing, or by iuga or pnrteetlons a. 
Fig. 196, from ila aidea, sliding in vertical gioovee in tbe snTroundlng well or holder. The lower 
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end or boltain of the plonger DU quite oloaely, bnt u u to duts fieel; in » well or bturel H, whieli 
eztendj downwanl rrom Ihe itoppiag bar orolhet mppnrt into the oil nssemni in the axle boi. la 
the lower end of the plunger In a falire cliaiDbLT, in which plafa a rulve oT any miiUble er~-* — 
tinn to allow the oil to rntt r the plunger from below and preTenl it« eerape fiT«a t' 
lliiu whatcTcr oil in urux furcnl into the plnngei bj its ■ndildii deaeeat into the liquid 
be fotcod through the tube or paiiFage of the plunger and di«cbiuged Ibiough a aide ] 
ir the oppei end of the pi 



For any ordinury axle, W. N. Horrell provides groorea which are made to ran either diaEOoall; 
; ipirallj Irom poiota from whioh the oil eaa be taken to the working parle of (he axle, and a ixa 
ir bush (or the axle which, when the wheel iB in motion. reTolTes on the atlp. Fig. 197. The oat- 



■ids of the laifxr end of the box or biub in acreweoi, or haa a thrud ent lo reoeiTe a washer o> cap. 
Tlja ■mallpT end of tlie box or bu»h ia alao acrowed, or haa a thread cut to rcceife another waabei 
cr cap. The large screwed washer i* placed on the axle behind the ordinary faal collar and the box 
or buHh in the boot of the fast oollnr and oovering it The washer is tcrewed on to the large end 
of the linx or buali, pocking bpiog pinoed between it and the axle. By this means all the back laih 
canard by tlie wearing can be laken ap ; alio in a cn«e of breakage of the axlo in the front of tbo 
oollar the bnah or box im which the whuel ia placed u kept in poaition and cannot dmp alL Tba 



© 



z 



•ctewed waihtr at the imull end ii made bi|>or, and 
' it the nsTe of the wheel la kept tightly fixed on 
I bmh or box. 

A. Oacnbrhck, of Hemelingen, Oeraumy, over- 
oomca Iho evil arising ftnin the friction tHtweea 
railway raj whei-li and rails in raaslng round curiM, 
and improves the means of lubricating the beartng 
or journal surfaces of such wheels and their axle* 
by the anangcmcnt Fig. 198. The axlea ate Gut 
and the wheels revolTe looaely on tliem. 

vertical seotiun of a railway wheel and axle. TTie wheel bosi is r<aoed into th* 



wheel bj hydraulic prrsmire, a wiought-lron ring being then shrunk rai. The nare is in (rout, 
•urroundeil by a conrentrie oaite, ctoved oil-tigbt by an end ooTcr e, the space I between tbla 
case and the front poK of the boss forms the oil-suppij or centrifugal chamber. At the back or 



inner side of the wheel boas there is anutlier conocnlric, but smaller, casing, dosed oil-tight by a 

Cing ring fonning joint with the axle, the space witliin forming the oil-collecting diatnber. 
oil'Snpply charnber ( and tlie oU-eollecting chamber are nniti'd. by one or mote pavag^ 
slanting from the latltr to Ihe fotmer. The collecting chamber ia made sloping inside, increaaing 
in diameter towanU ttie opposite side of the wheel, and tbe slope of the onnnecting passages to the 
front or centrifugal cliumber (, is madp less tlian tbat of the oil -collecting chamber. 1^ axle is 
formed with a central ohamber, whirh may be BUed with a filter or filtering appliance. The 
central chamber in the axle oummunicatt-s by a pu^aa^e with a catch tuUj fastened to the axle 
itself, or to a ring or disc screwed on lo tbe axle. Tbis tube reachee nearly to the greatest imdde 
diameter of the supply chamber t, piared in a vettica) poaition. Its mouth is gplajed In both 
directions of rorolution of tlie wheel, it haa also a calch basin i bencalh the month eoTiimuni<»tinr 
with tbe interior of the tube. The central or filtering chamber is connected by sovetal holea n with 
the journal to be lubricaltd. 

To prevent the wheel from running off, a disc Is screwed on Ihe outer end of Ihe axle, and a Kt 
•erew nut through it for greater acinrity to prevent the disc from workiuj,' luoee. The disc has 
lireferably a gun-metal ^inj; where it woika Hgairist the nave or its casl-ateol bush. The oil it 
SDpplied lo tlie oil-supply chnmber t by taking off the front cover r. This cover then is clnaed uil- 
tight. From the inner aide of the nnve, oil eccspe is pievented by a leather ring fitted to the tuv<^ 
and forming joint with tbo surface of the axle or vitb a collar. Tbe uxle has also a Kroore 
between tlie leather ring and tlie journal; the groove is flat or broad at Ibo bottom, and with 
a sharp olge, the fnint side being vertical and tbe back sloping. Or, instead of a leather ring, a 
ring of lead, with a slight addition of antimony, mav bi- cast on tlie axle, and fbnned with ooe or 
norc groovca, the edge of the nave mnnitip on tbis hard lead ring. 



enable the tube > to Oiteh it. The catch basin on tbe catch tube is a little wider than the 
receptacles, and of aoitabte length. When the railway wheel revolvi-a sk)wly, all the eight 
reoeptacles are filled one after aniither when in their leweet position : Ibnr empty thenuelvea »g»la 
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inniMatiltflji but the other four aurj their oil up and empty it into the faacin i of the tmleb tube, 
wb'eDoe (he oil flows into the tnbe and thenoe to the flltering ehunher. The Alter ooiuiat* of » 
perfonted tube Burroniidrd b; wire game and flannel. After it ha* been ioseited into the central 
oliainber in the axle tlie ojiening ia cloaed oil-tight bjr a atop screw. 

Rj these impmrementa them are aoaght to be attained a redortion of Tibnttinn, with Itl 
crmaeqiieat moleoalar changca in the nature of the axle, whereby the metal beoomea crytitalliDe in 
its Btractnre, ■ primary redaction of friction of the weaiinj; nirfacea in OMitart. a aeooodary 
reduction of anch friction by the dimiantion of the Tibratioo. and a omueqaent redortioi] in the 
wear and tear of robbing nirfaoeii. By the use of a aoft metal boah in the nare the etil ari«a that 
Ihil bimh quickly wean larger in diameter than the bottom wtaring mrfiioe of the aile, and the 
■DtfaoB of oaataot between both ia much redooed, and heat and uadue fnclino and wear result By 
the improvements deooribed, the area of the womng anrbuK of nsTe and >^le are little rtnjnwd. the 
wear being piactically only in the naie. The proportion found mwt Baitable ia to make Ibe width 
of the axle bottom wearing mr&oe about threr-foarUu of the diaueter. and to make Ibe length of 
thejonTDslabont twoandaqonrtertimee the diameter at least The wefiiing surface of the TeiolTing 
nare ia formtd with a hard enrfnoe, for which porpoae it is bushed with a caet-aleel buah. or the 
nave east on a chill, and afterwardi. if required, groaud true, the oarreaponding axle jounial part ■• 
formed with u aoftiir BUtface, for which purpoae it is ooalerl with gun metal, bronxc, or other alloy. 
This soft metal coatiog is sLiruuk flrmly on to the aile, and may further be proTeoted from 
turning or becomiag loose by the set screw, preferably inserted eodway* in shaft and coaling, and 
by a feather or key. Pig. 199 is a sectional Tiew of the coating. 

The joomal of the axle Is for about three-roortfaa of its length turned eccentrical It, having its 
eocentricitT towards the top, the remaining outer fourth part being ooucentrio with the inner 
shoulder of the axle. The coating of the axle has a flange inside, working agaiuat the oaat-steel 
bnih of the nave, and baa tlie groatest thickneaa below, where the wear is greatest, and its outer 



a plentiful supply of oil in majntuioed hercL Tlie wearing aurface at the bottom is only abont one- 
fourth of the citcomrereni^ in order to aave unueoeesary friction. 

Fig. 200 U W. H. Llewellyn's wheel for ooUiery trama. This wheel is cast with an oil 
chamber a surrounding the nave or boss, the core from which chamber, after casting, is removed 
thiODgli openings csat In the side of the chamber, and which are subaequently tUled up with 
closing pieces leaded secnrely in poaition. The arms and rim are cast together with the chamber a. 



spout when fllliug the chamber a to allow of the oil entering, and which expands and closes the 
bole c up»n the cui being withdrawn, and prevents the oil escaping. 

The lubricsnt or oil obtains access to the usual chamber, oast in the inner periphery of the boss 
and surrouuding the shaft or axle, through one or more orifloea 6 cast in the boss, and in which 
beaded uiedlee e work up and down by the travelling motion of the wheel, and prevent the 
thickening of the oil ; this may also be eflected by epoTiges, or by means of flannel or any woolly 
Buhstauce placed ia the oriflcea b, and kept in positiou by tin clins. The needle i is inserted through 
a hole, which is aflerwards cloaed by a hard plug of wood nhjeti regulates tbo travel of the needle. 




Fige. 201 
road vehiclea, the imj 
kuown aa old solid coll 



« of E, Fnrtridge'a axle* and axle boxes for wheels of 
ivements being mainly applicable to those axles well 
or Collingc's. The object is to secure vfhccls upon axles, 
not leave the veliicle in caae of breakage or otlier eauao. Fig. '201 
a divided ring, formed by the two halves oonnectod bv anliiter- 
mediato strip, so that the ring can be opened out (o facilitate It being ■]ip]>oi) 
tuto positioD after a wheel ia upon the axle, but not full on ns when reridy for 
This riog, which may be solid or unbroken, baa a sorow tlireud cut upon its smaller 
exterior periphery to engage into a tliread in the inner pcripliery of the solid or fliinl oollar of tho 
axle to fonn the attachment of one to the other, tho ring being hold rigid apiiinjtt tlie frintlonal 
oontaot or action of the wheel by a screw stud. The face of tho ring, from ita larger pnrliiliery. 
abuts ftgaiuBt the inner face of the hub or nave, while it rotates upon Ibu axhi, and si.rtos In a 
measure to steady the wheel. 

The internal periphery of the ring is tapered or inclined for about one hnlf of lt« width. 
Fig 202 This angled porlion terminates in a horiwmtal part, which flnibi a IiHlgmmt or bmrliig 
■gunst the harizoutal part of the ring, so that the two surfacea, the auglod and tlw horlxonlal, aot 
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in unfBon, and the wbeel ti prereoted IsftTing the Telilcle should tbe talo break tram uiir «*iue 
outBide the shoulder, whera axliw generalty do break, oonBeniient upon tlie length of lererua 
of the free end of the aile arm, the fixed point or fulnmm belnR at or near the Inside of tha 
■hnulder. The horizontal nail nt the alio box is also safBcieDtl; broad for Its inoer periphery to 
tkks a bcarine npon the axle shonlrler, and this aerves or awiatx to serre to steady the vheel upon 
the Hxte, ttiu box being kept up close to the leather or other puckiog waaher bj Ibe ring. 




T. E. Diion, of Cl^iongo, has deriaod a meuns of famishing a railirsy ear axle, aiinplT and 
cheaply oonstnieled, which ahall revolve at in the proaent Bjitem, but upon wbioh the wlimls are 
looHely moniiled, to avoid the toraion, or twisting and slipping, ooeuloned by rDiiiilligoo aonrve or 
im-gulaiily of the track. 

Tliere is forged near each end of the axle a bcAring largrr than thoae at the ends, upon irUeh 
tbe wheel is clipped till it strikes a shoulder raised aronnd the inner end of the besrin);, and is 
retained in place by a nnt or oap arrewed upon the axle till it strikes against the whwl. Tbu 
constructed, when there is no irreguliirlty in either the wheel or the track, the wheels will not tsm 
on tbe axle, but wheels and axle will turn together on tbe smaller b(«rings at the (ude in tbe ell 
boxes, in olx'dience to the mechanical law that a wheel free to more od either of two besrioga, 
one larger than tbe other, will sJwujs tarn npon the smaller bearing. When a onrre or other 
iriegularilT is enoountered, while the sntne luolioii of the axle is maintained, one or both of the 
wheels will turn on tbe axle just sufficiently to overoome the irregularity, 
tnateadofslipping on tbe truck as when ^lened rigidly to the axle. Ttie *°^ 

advantages of having both the wheels loose ia, that in taming a carve, 
while one of the wlieels is pressed by tlic track so as to Ijug the axle 
tightly at the bearing, tbe otner is left free tn turn easily. Tbe wheel 
is coastrnctnl with a bub projecting upon either or both sides, i» aa to 
give a larger benring surfuce and better resistance to the effect ot blows 
and eoacussions. The nut or oap extends from the wheel down near tn 
the inait end of the outer bearing of the axle, and lioira or grooves mQ 
diagonally through it or tbe axle from the oil box to the wheel. The oil 
escaping along the axlufrom the oil box is carried through Iheae passages 
to tlie wheel. In Fig. 203. the axle has the usual enter bearing B. and an 
enlarged inner bearing C of double the diameter of the outer brariug, and 
of suitable length to lit the hub of the wheel. D ia a rim or shoulder at 
the inner end of the inner bearing C, with en elevation of i in. or (in. B Is the wheel tnninr 
freely upon the bearing O. and hdd in place by a nut or cap, which is screwed upon the axle, and 
prevented from taming by a screw or bolt passing through its sidea into the axle. If preferred, tbe 
ends of the hub of the wheel may be grooved out, so as to fit over either or both tbe abonldflr I> 
and Ibe nut or cap. The elevated 
shoDldur D, and bIbd the bearing C, 
■re of greater diameti-r than the body 
of theaxle. thus, with the least weight 
of iron, giving the greatest strength to 
the Bile Bt the point where fracture 
usually takes place, and the better ena- 
bling it to reaint the effect of blows and 
ounouasiODiiooniingthrough tbe wheel. 

O.W. Hiltimore, of Wisconsin, hsB I 
effected improvemenls in that clai« / 
of rail way-carriage axles, in wbicb a * 
stationary inner and a revolving outer 
wheel corryiug axle or sleeve are so 
emptojed, that the lubrication of tbe 
journal toi Trom the oil reaervoir ia 
aocompllshed to Ibe exclusion of dnit, 
the drip oil collected. Tho journal 
hox is allowed to oacillate in tlie 
stationary axle to conform itself to 
a true bearing throughout aooordLng 
to the sprine of the axle prndueod 
by the weight of the carriage. Ad 
air-tight oil reaervoir on the pedee- 
(al box is connected by a longilodioal 
and veitieal channel and vibrating 
feed pin in the Klationary axle with 
the revolving journal box. An oil- 
tight joint Ml>een the pedestal box ' 
and stationary axle is formal by aoork 
disc, washer, and hollow screw plug. 
The lateral motion iitiikea upbelwetn 

the nnt and the ilalionary pidestul block. The rotating journal box beora by • central annular 
convex part and sligi.tly inclined ends on the correspondingly shaped onlar Blee<re and ring to 
provide for oscillatiog motion. Tbe inrplus oil ia collected in a drip chamber by pseans of an 
annulur rim or bmd of the clnaing nul of the outer axle. The outer axle or sleeve is made of Oat 
and wTocglil'iron sections oumbined. Fig. 2(M represent* a central vertical section of this railway 

y axle Is rigidly coniMclad with the spring or pedealal baoms 

le revolving enter axle or sleeve is made of a laterally oon- 



and WTocglil'iron sections oumbined. Fig. 20i represent* 
carriage ule, in which the stationary axle Is rigidly caniM 
B, by horimalal locking pina a. Tbe revolving enter ax 
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neoting wnraghi-iron sectioii with end lips and wheel oariying sectiona oa«t oil The journal box 
D reYoWea with the sleeve on ibo stationiuy axle, and ia lubricated from an air-tight oil reaeryoir 
£, of the pedestal box, the r«;BerToir being connected with the ioumal box by a horizontal channel 
&, and a vertical channel in the stationary axle. The vertical channel extends above the horisontal 
channel, and feeda the oil by a vibrating sprin*; pin to the journal. The contact of the feeder pin 
with the revolving journal box daring the motion of the carriage keeps the pin continually in 
motion, and admits amall quautitiea of air into the channels, and to the oil receptacle. The 
vibratory motion of the feeder pin fumishee mechanically a small air supply to the oil receptacle, 
and allows the feeding of a corresponding quantity of oil, which increases or decreases in proportion 
to the speed. When tlie carriage is at rest the oil ducts or channels are filled with the oil, but the 
air supply is discontinued, as the feeder pin is also in a position of rest, and supplies no air, so 
tbat the oil is held suspended by the partial vacuum in the oil receptacle and prevented from 
running out The surplus oil of the journal box passes out through a closing nut or cap F, 
screwed to the sleeve and encircling the axle. An annular rim or bead of the cap F conveys the 
drip oil into a chamber or receptacle B^ of the pedestal box below the axle, from whence it may 
be drawn off by a screw plug. An oil-tight joint is formed between the pedestal box and btationary 
axle by a tapering cork disc and washer /, and perforated screw plug /, preventing the oil from 
passing in or out between the pedestal box and axle. A loose steel collar or ring h is placed on 
the stationary axle between the pedeshil box and the revolving screw cap of the outer axle, to 
provide for the wear caused by the lateral motion of the carriage which is taken up between the 
pedestal block and screw cap at that point. The journal box D is made with a central convf x 
part, and slightly tapering end. The outer axle or sleeve rests on it by a corresponding annular 
concavity, and an outer ring. The sleeve and ring are arrangt>d adjoining to the annuLtr concave 
parts, with slight outwardly inclined parts, which form, with the tapering ends of the journal box, 
narrow annular spaces that provide for the oscillating motion of the journal box, when the weight 
of the carriage causes the springing of the inner axle. • The journal box is always iu full contact 
throughout its entire length with the inner axle, and compelled to wear out evenly. 

Figs. 205 to 21H show a form of ladial axle box designed by H. W. Widmark, of Bristol, and 
deacsribed by him to the Institution of Mechanical Engineers in 1877. These axle boxes are made 
with the curvilinear sides and girders, common to Engliab practice, which allow of botli lateral and 
radial motion of the axle, but obviates certain difficulties of construction nnd use. 

Each jpjair of girders G 6, always cast in one piece, whether fixed to the main frames of the 
engine, as in Figs. 205 to 208, or to cross frames, as in Figa. 209 to 211, is distinct from the other, 

305. 




and is bored to a cylindrical surface, the axis of which is in the same line aa the spring. An inter- 
mediate guide or box 1 1, the outer surface of which is turned so as to fit easily into the outer guide, 
can have a turning motion round its axis, and also an up and down motion, as may be required 
by the elasticity of the springs or the roughness of the road. The sides of the inclined passage 
through this piece are planed, and serve as a guide for the axle box proper to work in. Both the 
outer and the inner guides have their lower forks connected by homed stays H H to prevent springing. 
The axle box B has planed parallel sides, and is i^ee to slide in a direction which is rectilinear 
and horizontal, but inclined to the axle of the wheels. The box at the opposite end of the axle is 
inclined in the opposite direction, as in Figs. 208 to 211 ; so that when the wheels and axlea 
deviate towards one side in consequence of the curvature of the road, the axle is simnltaneoudy 
set in an oblique position to the engine frame, but radial to the road, one end being advanced in 
relation to the frame, while the other is drawn back by the inclined form of the axle ooxea and the 
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intannediate Koidcs. HoreoTer, a« the lidea of the bxIb boxea are ^ftrallel plaasa, aod u then uo 
no flanges, the axle boxes are free to turn ronnd a horizontal axia irhicti ii at right anelrs to 
these Bide planes. Thai one axle box maj rise and the other fall in the guides aa required by tha 
state of the road. This veTjr Deoegsarjr lootion is preTSnted when the Biden of the boxes form part* 
of oirclee^ flttiog to oorreeposdiiig oorvilinear nir&oea on the guides ; such boz«a more freely only 





when tlioy both stand the same height in the 
gnidos, but would be in danf^er of jmnming sad 
fixing the axle if the oscillatinn of the engine, 
or the irregalarity of the load, mado one box 
rise more than the other. 

In Fig. 'iOi is seen a trainB with its gnidei 
in saoh an inclined relation to the wbeeli<, axles, i 
and radial axle hoiee. In Widmark's demgn 
each sxte box system boonmes a universal joint, I 
for tlitro is a rertical turning of t)>e inside 
guide in the ooter guide, a horizontal taming 
of the axle box in the inner guide, and also 
the tuminii of the sxlo box round the axle. 
There is, thu>, no poesibilily of tiio axle be- 
calming jammi'd is the gniilra 

As to this design liio nxlo box Iraveli in 
a direcllnn wljieii in roctilinear, it is easy to arrange Inclined planes on the top of the box, anA 
oomsponding Inelini-d plani's on a sliiling piere J. Fig. 203, which is l:eld by the inner guiile, and 
takes the tlini>t of the spring. By this mcana an elaslicity is given to the axle, or a tendenn^ to 
nmie back to a cuntral pnsilinn when not ainrtrsinod by the cunature of the line. On a straight 
line, the axle Is locked by the inclined plane* just referred to, so that it beoomea puallel with the 
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other Bxlai, wherab; friotinn is prerented between the wheeld and railB ; in this nay the engine ia 
ftlao Bl^Ldied, tho avinging action of the Fylmdera beiTig prevented. One system of six inclined 
pluee ig iLowti in Figs. 205 and SOS, bdJ another gyatem with but three planes tn Figa. SIO 
and 21 1. In the Qrat, the inclmed ptanes are eotirel j above the box. Fig. 205, and are lobricated 
b; lepamte oil pipes and grooves; in the latter the inclines are plaoed over the box. Fig. 210, but 
at a lower level, so aa to be auirounded by the upper flangea of the box, and are always i£ 
a bath of oil, which ia covered in and guarded ama diut b; Szed and sliding eon 




Id the cose, Fig. 216, itiBtfailoftbo (wo ordinary indepciulent aileboxea foi the leailing whcete, one 
(m each side of the engiJne, there is only a single long aiie box, in tlie form of a plainoost-iron girder 
A A extending from aide to side, and forming in plnn a oircular are strnok from a point half-way 
belireeii the driving and trailing axles. Two correspond ing curved wrong! it-iron platca BB, bolted 
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to the Mlilne inkin frame*, encaae the enrreJ Kile boi at fnml and back, wilhoat any fitting, 
the qMOe between the tnu plutoa B B beiog abont ) in. wider than the giiiler A A, which wo^ 
between lliem. No fitting Li rtquiieil, and the axle box and plalM haie Utile sear, ai a trifling 
■lackneM in uTno onnaequcnoe, fur when the engine idnuming liJrwanlB the axle box preMee agsinat 
the boot plate, al>d when backwank sgainBt the other plate. An ordiiiarj btaaa beariog is fitted to 
each enil of A : and a spring piiUr bears apon a plain footsirp C, sliding upon a flat Hirbcc iu Iho 
greaae biii or top of tlie axle ooi. The aiie box being a rigid giidet (nim aid to end, the preiiaaie 



upon thu jiiuraalH is not affixted by tlje apring pillarB sliding laUrraUj with the eneine fntiie, but 
Li Terr mncb the wioe in anj pojition in which the engine may be on a cnrre. The i"" '' 
lateral Obcillation ii countenw^ed by putting side controllin; 



a the [hint plats to that behind; and on each aide 
there is a ataj acroHn the axle box at E K, a bolt pasuing through the three stays, the hole in 
the middle one is sufficiently large to allow of the play of the axle box. The bolt rarriee a piir of 
indiarubber buffirtg springa S S on each aide of tlie centre stay, and theee are regulated bo that 
sbont hair a ton lateral presaure against tbe wheel fiange is satficieDt to thraw the engine over 
towards either side to the full extent of tbe lateral moTement allowed. 

Pig. 217 is of a practical method of fastening colliery tiain wheels to the axle ai>d means of 
Inbrioatioo. C C C are oil ohombers, D D wrought-iron looae collar, S set acrew closing inlet hole 
for oil, A wroQglit-iron collar welded on sban. 

Figs 218 to 221 are of an oil axle box designed by E. Beuther, and largely employed on the 
Bergisch-Uaerkische Bailway and other oontioBctal line*. Tbe m.iin featores are the drawing up 




^ fmm^ '^ 



of the oil by capillary attraction 
from below to cotton pads, so 
hinged agaiDEt the journal as 
freely to adjuit themselres to it 
by graTity. Tlie spent oil is led 
Into a central reeerroLr below, 
where it can deposit its abraded 
inotal and grit. Acast-ironcoTer 
i> fltted to the box, which is cast 
with logs to leceive the hinges 
of tbe brass padliolders. From 
four slits Iti tbe back of each 
holder there hatig down as many 

aiphon wicks, dipping into the jn 

main rosorroir bulow. Any ex- 
cess of spent oil drops from the ^n. ra. 
axle into the coutnU wrought- 
iron cup, which communicatee I 
with tbe main reservoir by licles 
at Its upper end, so that it forms 
a aopBrntion of any impurities. 
Ttia joint between tlie axle and 
the box is mado by two separate , 
■lip* of wood, fitting tightly on | 
the alio, and made to b^r Terti- 
eaJly against each other by 
romnf of n small spring below, 
BO that all wear in the only di- 
rections, almve and below, in 
whicli it can occur, is taken up. 
Id a trial mado to oumpare the 

economy of these bnxea with those in general use, it was found that 33,913 miles were mn with tbe 
ounsumptlon of tbreenfuartcrs of a pint of oil. while the ordinary box used 3| pints. 

lllack burn's oil lubricator for grease boxes. Figs. 2'22 and 'ii^. consists of a flexible oil holder H 
filling all the gmuHi rompartmenls. It is fonucd of a bag made of oil-cloth. This bag is con- 
tained within another of felt From the mouth, kept open by a coil of wire, there hang* ilown a 
Mplllnry feeder, to which, when the ciirriage is in motion, the oil i* ihaken np, making its 
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war iqi thu 'eeder (o tbe encksiiix bit bag, wlucli arU tm the km- le« of a nphoD H, and the 
eapULit? feeder aa Uie short leg. Tbe bnuii bcarin- B U fitted wi& woodec Ulftd P fut eveul; 
■prMding tbeoil.orapairorioDKsti-tfMorfelt may aLobelet iDtoUienibiitaiKvoribebiass. Tha 
attachment of the flUeU in the flnrt «se, or the aloU oant into the btav in the kcd^I. form the 
onlj altemtioQH required. These fiUetii are simplf fiied bj pini driien into a [kut uf amull bolea 
drilled into tbe edge* ot the braae. The Sow from tbe reaerruir only takn plare when tlie oil, bj 
the motion of the oniagu, l» aplaahed op against the hanging «i.-k or shiuter kg of the uphtHi. 
Waste in ihn« prevented when the carriagea are atandinf- Another plan «iu«i»ta iu placing a lonv 
felt pad insido the bottom of tbe boi, and kept up againat the oack of the axle by a Bpriug. The 
whole la slipped into the boi thiongh a hole tapped for ■ screw, which then cloaa np the boi ■ the 
motion of the carriage and<tlie capillary attraction of tbe felt keep op the sappij. An objeoUun to 
tte Bret plan is tiie faciLty giren by the fleiibk and raroorablo oil Tenel for pilfering the oil. 
Tbii objection might be met by aj^ying some adhaiiTe coinpOBitiup to the sideo, preveDting 
remoTal wilhont loes of time in the deatrnction of tlie Tfwel, whit^ ouota only a few pence. 

Fig. 223 is of TbomBous oompieeaed wool and atoet coahioned Hpringa, Those consist of a 
ooiled steel Miring, the central portion of which ia filled in with wool highly compreased. By this 
ineHiu tbe eff^ts of oonmseioD are redooed. 
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Undo this head is included some ot thoae maohiaea neoeaaary to agricnltoral pnrpoaea in 
or in proximity to, the bam where the oiop or prodnce of the land ia uanally treated. 

ThntAag MieAinet.—A good eiample of an Amerjoan thnHhing Uaohine is tbat made by Ihe 
Pitta Works, Bnflklo, New Yoi-k, of which Fig. 22S is a section. Ifcre A U the feed-b<Hrd, B tbo 
dmm, C ooncave, D grain-belt, erf ends of supporting rollers, E beater, F picker, O straw-belt, 
N fan, O fan-case, P fine sieve, Q grain conveyor, ft Uilinga aonveyor, S guide-boards, T sieve, 
n opening for straw, L eocenlric, z rtraw-elevatoi. 



The workman who acta as feeder stands upon the platform p, and spreads ont the corn upon the 
feed-board A, presenting the lieads to the action of the pegs on the drum. Tho drum-axle ia 
a solid abaft Ij in. diameter. The drum is 36 in, long witli nine longituilinal bars, hoMing 
104 teeth, which project 2J in. from the face of the bars. The concave is made in tlirue ports. 
with an adjusting screw. The teeth on tbe drum, as tboy revolve, pass close to Himilar tui'tll 
in tbe concave. Such portions of the grain as are not separated by tlie blows from the tcotli 
on the fint contact, are drawn with great foree past tho concave tooth, and thus tlio liouils iira 
oombed out. Nevertheless, portions altogethoi esoapo, oa is shown by the delivery from the n'tum 
•pout Tbe drum revolves from 1000 to 1300 times a minute. The drum ptilloy ia 7 In, hi 
diaineter with S) inch face. The grain and straw fall togutbor on lo tho gTain-1>L'lt U, nn pnillc«s 
belt abont 10 ft. long, composed of stout duck, on which nro nailud buckets of manic. If In, wlilo, 
with intervals of 1} in. The grain drops into these intervals and Dig straw rides on tlin liip, 
its progreaa being expedited by the action of the l>eBter E. an iron shaft wltli four arms riimlsliKil 
with fingers «. driven from tbe opposite side of the dmm-sbaft, and making about 400 rovuliitloiis 
a minute. This is an important feature, preventing the clogging of the muobluc, wlilcli wiiuld 
otherwise frequently happen in the case of damp etmw. The supporting rolloni co biilng buxngoniil, 
give a jerky motion to the grain-belt, which separates any loose grains lodged In the straw, TJi« 
triangular revolting picker F, placed just above tbe end of the belt and botwoi>n it and lllo straw- 
carrier, preventa the straw passing downwards with the grain, and assiata its pwisiige forward on to 
the straw-belt U, made of slats of wood nailed at short distances from («nh utlicr (o two huithnr 
belts, and forming an endlesa ladder running over tbo pulloys. Thn iigltutiir, u lair rorkhiu 
on ita centre, so that tbe ends shake tbe straw-belt altonmtely, gives ll a Jerky moll'-li wlil'-d 
- ■ " ■■ .- - .... ■„ that may h«»o hithorto iuB«|H.d w.|Kirullrni, 

' tho Inrllnial lionnl, wliiMiiu. tliny 
n by tlio nrlinn of tlin fiiu N ; tlin 

Kxnui uuw MILVUKU LU? h:lddii A, uu uj buu iiuc oivj^J *. , Ti-.v!, forillS purt of tllU bl'ti'lIU of thn 

•hoe. Weed-seeds and the like escape Into a box, whilst the grain drops into th« grain mrivnyor 
Q,Btroiigb with a revolving screw, and is discharged at the side, 'flin atvlngs, which Includn llx' 
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nnthnshed or partiallj threshed ears, paaa orer the end of the ecreeo T, Ml into the rooTeyor- 
bnx B, and are delivered bj a eimiUr screw to tbe tleTutora, by which the; ue canied back to the 
dniiii and retLn shed. A Inni^tudiiial motion is giveo to tbu riddle bj means of the eccentric I>. 
A liglit Btiaw I'lutator w attacbable to the end of the machine, a portion of which with tlie si'Iv 
framu remoiroil is ahown at x, this can bo fixed at any anglo by a lope wound ronnd a pulley, with 
a ratchet whu.-! and pawl tn stcnre it« pobition. 

KiK- ^fl ia a section of a machine of aomewhat similar ooiutnit^tinn, made by John Abell, 
Onturio, wMch has some original features. The rerolring grate D, a onull wheel fnnuahed with a 



■orlea of eharp soctioDB, is for owisting the pasBaf^es of the grain ftvm the dmm, and at the anms 
timu acling ai a rubber to leparale whitecoata. This latter office ieonly, however, very imperfectly 
petfurmoil ; and the chief advantage of the grate is that it formB a convenient me^iom Ira 
trHiuporting the grain from the drum to the backela of the cariii-r. The latterly both aa to 

length anil onnstruction, very etiiiilar to the snme apparatiu in the Pitta Machine, only the fritlioa- 
piilioyi tbut support tlio carrier arit round instead of lieiagonal ; there is alto a flight diflercnce in 
tlin form of tlio boaturn and pickers. Tbe picker Q' makes about 1400 revulutiona a minute, 
mnturially naeioting the triinst'cr of the straw on to the rakea. which travel at about half that pace 
anti Kct a jerky motion from the blows of tlio agitator N' : after the chaff has been blown a»n^ bj 
the mn, the grain reached the compartment K, the base of the grain conveyor; here il is partially 
ruiibeil by tho arma of n smiill fan, which forces it upwards ulonp; a small cleTntor tube by wbirli it 
inductud to the sack's mouth, the outlet boing here sofflciently high to allow of a aack atuncling 
..gilt under it. The eatings full over ttie end of the shoe to the base of thp elevator L, by 
hioli they are conveyed back to the drum ; by a clever Brrangement of an angle palley, shown by 
dotteil lines at O, and chain gearing, tlie straw-elovatot Can be fiied at any angle, ao as to 
eonvoy the atrnw from the machine in any direction from a stiaiitht line to aright angle. As (tr 
as the winnowing procuss is concerned, this machine ia similar to the singWblower English 
moohiQe, 



unrighl 

wliidi I 



Waltli and l^lcovpna. of BasinfTHtohe. have inlroduced a threshing machine. Pig. 227, in which 
A Is lh« fitil ntoiilli through wliioh Ihe nnthrashed mm k fed into the marhine. UI) aro 
nilJunUtblB DHiuthpicrca for increusiu); or di-citaaing the siie of tlie mouth to nil diVermt deacrip- 
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ttons of corn. C ia the threi^hing dram, which hns a iteel spindle, wrought-iron head and rings, 
and either six or eight heaters of ash wood, fitted with beater faces and plate-iron fronts. D, a 
ooneave breasting, is made entirely of wrought iron slnd provided with adjusting screws E, and 
the hinge F for regulating its distunoe from the drum. 6, casing behind ooncaye breasting 
which carries the threshed com as it passes through the bars of the breasting on to the upper shoe 
on the riddle-board L. H are the straw-shakers worked by the shaker-orank I, each alternate 
shaker being attached at either end to links J, turning on centres K. The shaker removes 
from the threshed straw any loose corn which may be left in it. L is the vibrating shoe on which 
the com fulls from the drum and shakers. In this shoe is fixed the perforated mahogany riddle M, 
which separates the short, broken straws, technically termed cavings, from the corn. This and the 
lower shoe is driven by connecting rods from the riddle-crank N. O is the lower vibrating shoe, 
to which is fixed the firdt winnowing machine P. Both shoes are suspended from the framing of 
the machine on spring hangers Q. P is the first winnowing machine, in which are placed an upper 
perforated zinc riddle, which assists the blast in separating the chaff from the corn, and a lower 
riddle for removing husks containing grains of com. Beneath these is the spout S for conveying 
the com to the 'elevators. In the bottom of this spout is a third riddle, not shown, for separating 
small seeds which may be mixed with the ora. T is the fan which supplies the blast of air to the 
winnowing machine P. Slides are provided to the openings in the centre of the fan through which 
the air is drawn in, and by these the strength of the blast can be regulated to suit the grain to be 
threshed. By raising or lowering the hinged fiape U at the back of the winnowing machine the 
whole of the chaff can be blown over without carrying com with it. V is the elevator which carries 
the corn up and delivers it either into tlie barley-homer W, or direct into the second winnowing 
machine. W is the barley-homer, the steel blades of which are set at an angle so as to throw the 
com out at the upper side of the homer-casing. By raising the hin^-valve X, by means of a handle 
outside the machine, the com will then fall on tne slope board Y instead of on the valve, and so 
pass direct into the second winnowing machine. This arrangement is of importance, as some kinds 
of grain and beans and peas would he injured by being passed through the horner. Z, the second 
winnowing machine, which has a set of hard wood riddles for thoroughly separating from the giain 
any chaff, chobs, &c., which may have passed the first winnowing machine, or have been rubbed 
off in the passage through the homer. It is suspended on spring hangers and vibrated by a 
connecting rod fixed to the end of the upper vibrating shoe L. A blast of air is blown through the 
winnowing machine by a &n fixed outside the framing of the machine, shown by the dottra line 
behind the barley-homer. B is a Penney's rotary screen, which separates the clean com into three 
eaniplea — beat com, best tail, and smalt tail. A brush keeps the rotary screen clean. 

K. Garrett and Sou's threshing machine. Figs. 228 to 280, has the following principal features. 
The blast sufficient for three dressings is provided by a single fan. This fan is attached to the 
dram-shafts, obviating the use of throe separate fans with the accessory gearing, and consequent 

238. 




loss of power. The general arrangement is apparent upon inspection. A, Fig. 228, is the blast ease, 
the regulating valve with its lever m, / is the spinale of the aviller or chobber, n is the lower 
valve lever. Fig. 229 is a section on the line R F, in whidi ^ A are the sieves, and j the regulating 
hand>wheeL Fig. 230 is a section through A B C D of Fig. 228, A is the drum, g the lower screen, 
and > ft the sieves. 

Feeding Qears and Drum Guardf, — Figs. 281 and 232 are of Buston and Proctor's feeding gear for 
threshing maehines. a is a hopper or tox containing spindles which carry a number of curvM tines 
e. These tines are revolved in the direetton shown by the arrows, by means of toothed pinions, motion 
being given from the shaker crank-ahaft to a pulley p upon the end spindle. « is a wrought-iron 
plat^ curved so as to deflect or torn the com into the drum, and has a number of notches in its 
upper edge for the tines upon the end spindle to pass, which prevents ai^ of the com betnff 
returned over the spindles. / is the dram, g is the concave or breasting. The shakers to carry off 
the corn are not shown. The sheaves of com are placed in the hopper at a. The bands having 
been cut and the sheaf just loosened, it is received immediately upon the first set of tines and 

B 



98 BABH HACHIHERT. 

deliTered into Ihn Ut-aatini! j, where it U tbrolwd in the dmmI naima-, the *»»■ bein? a 

•Wttj on the »li«Lki.T«, By this Bjatem no loMe gnini of t 

tmtlutabed. 




■^laiaii ' 




FilA 2S3 And 234 are of Hmd'a nelf-feeder for Ihresbing maohinee, which lertfe »lso as ■ P»»Td for 
Ihf drum. It in it oomhination of rollere placed in the verticaJ mouth of a liood. One is a ftii-nd«l 
or oomiratfld wooden toUct, and is tnn at rather high upecd by a etnip. Above it wid parsllcl rim* 
• fiioil •hafl, on which are loosely Btning a number of heavy wooden diaca abfint 10 m. dl«meWr, 
covered with leather. A man could not get hii hand d»wn in between Uie roller*, bccaose when 



,„m: |]i» ,|i.p rinea and ecn«« t* revolve. Figs. 23S, 236, »ad SS7 aie of CVt«« 
t-n 'IriimKiinril. It consiBla of a comhinatioa of hood and fced-boaid, n th»t 
[.[ril.rl to i-nlirr, Imth elo*o BimnIt«noouBly, (overinR the Baouth «( th« dn^ A» 
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adjiMiable bslaiioe feacMnud A CKteads mtaom the mMlime and euriei pivota a a' momiled in 
beuingB at a* in the frame A'. Thia ia eombiiied with a hood B, cairying pi^ola 6 M, which are 
floppoitod in hearings, the feed-ho«(d A and hood B hoDg eomieeted 80 aa to adim 
in nniaon in the following wanner. To the end of the piTot a' of the fiaed-boaid A ia aeeoied a 
lever G, wfaieh ia eoimeeted hy a oonpling rod D to one ann « of a doable-«nned lerer £, moonted 
looady on a pivot b\ and oaoying on ita of^raaite ann / a pin haying a thombecrew c The latter 





serves for securing the lever E annly to a sector F keyed on to the pivot 6 , and is provided with a 
slot c\ in which the pin of the screw c engages. By these means also the hood may be adjustea 
by varying the position of the pin of the screw c without the necessity for the man leaving the box. 
The hood and Cwd-board are represented closed in Figs. 235 and 237, and in thoir normal position 

in liScr 9^Ui 

Chocking Bhck$.—The simple and eflBactive appliances of Clayton and Bhuttleworth, of Lincoln, 
for adjustmg the position of portable machinery and for chocking the travelling wheels, are shown 

™ These means of adjusting the position of portable machinery during work oonsist in the arrange- 

II « 
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una has & aaail hole, tapetine nurower dowowwilB, drilled 
le plomb line a. Tbe lower bncket b' is sttMbed near th* 
1 a Bimilar hole, larger tluui the one in the npper bracket, bat 

" will be parallel both 

_.__.. ._Sdentl7 long Tor the 

1 a hole oast in the lower bracket b' vhenerer the iiw«hine U 



For iBTellingup the (ravelling wheels when standing on uneven j^unil, a pair of wooden ehocki 
or wedges are placed ander the lire of the wheel whioh reqaiies rusing, and theee wedg«« are 
drawn lowarda each other by auitabl; arranged band-lerom. 

In the mode illustrated la Figs, 239 and 210, and on the left-hand ride of. Fig. 23B, a ihalt ia 
employed moTing In bearings in tlie wedge B, and having a orank at each end, and a lever D 
formed In one with the oorreaponding orank, uid projeeting in a diieclloo t^poaila to iL Ttw 
cranki are attached by hooka, which they 
earry, to two chaina F P, affixed one at 
each side of the opposite wedee B'. 
When the hooka are to be attached to 
the chaiuB the lever D is placed in the 
poaltlon Indicalod by dotted linits in Fi>!. 
StS9. and the hooka haTing bwn earii 
cauaeil to engage with a link of it> cnr- 
reaponding cbniu F, the lever D Is puUeil 
tawnrdH the opposite chock B', the cranks 
thai draw on the chains FF, and rsnse 
the chocks B B' to approach one another, 
thprehy nilsing the whoil U which Is 

Elnoed between them. On the lever 
9ing returned to its original position, 
shown by the dotted llnog, the chain* 
F P slacken, when a fTeah link may be 
placed on the hooks of the cranks, and 
another pull given to the lever D. This 
proress in cotitinued until the plnrob line 
on the machine ooinolilea with the ceolre ***- 

flf Uie slot of the lower brnoket, when the 

lever D la secured in poeition by mcani of a sh^rt chain H and hook at ita end, which is iDwrted 
In a link of one of the side chains. The chocks arc reversible as shown, with tbeir two ends t <■ of 
similar form, wi that when the en<l i is worn the othrr end P may be brought into use, 

A mnliflmtion nf this is shown in Figs. 311 and H-i, and on the righ t-hand side of Fig. 238. Here 
a lunar forkeil lever D' is employed, having a FUli-nim-pio projecting inwards ftom the end ofeaeh 
branch ' of the fork, and amiUifr pin with enlarged head projecting ontwards at a short distance 
from earb rtilrruni-pin. The fork I embraces the chock B, fitted with a metal fnlcmm-t^te on 
rai'h tlile, having a series of inrlincd tuw* a ■' a' of notchee with which the niIcnun-[dDi in 
the rerknl li'ViT D' engage saoomively. Tlie outer pins are connKted at one end to the 
rli«ek 11'. and ptovided at their opnwite ends with a aerlee of holea pp, into ooe or the other <J 
whieli, aMyirdlng Id tiie siv nf thu- wheel, the corresponding pin ia inaeried. 

In workine with Uiis B}>par«liu tbe lever D' is Bral placed in the (laailioa ahown bv tlM dotird 
lima in Fig. ail, with mA hikram-pin enga^nng in the loponeofthe Dotrhee of tbe tndiiwd mm 
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■ oritooone^nndiBgridaBHlito; tka Inw D* ■ Ocb aofwd dovavaidi m the diHctiH << O* 
•now imtil it u bcooght into atnal ■ hwi««tel pndtini, «h«a tlM cho«fc> B B an dnwn tofttha, 
after which the lercr D' i» taimi ta ila t^wa [MuttiBa, and Ob fakraB-]Mna an dranwd inta 
(he nest lower mitdiea. the lever drawn down ^^in. end so ea. ontil the pina leach tlM knreat 
notcheain IheieqiectiTerowa; thelertf i> th^ Iifledentudroatcf Ihatiow.aBd thafiilanm-|iuia 




In order to allow of the ihifting of the lerer from one row'of Dotrhet to the other, the aide rad* 
P arc each provided with an elongat<^ l*)*^ fitting knaely on a pin, which cnrrea upward* 
ftaia each aide of the chock. TLe Torkcd lever D' ii prerersbly cooBtructed in two parta for the 
aake of oonTenienee. The foiked part ta provided with a socket Tor reccifinj; a plain etraight iron 
lerer D' of any reqnirrd length, which is sfcnrcd by a pin i pBuiog tlirough liolee iu the aookct 
portion and the lerer D'. Thie pin is attsclied to me fork bj a short cbaia, and after lerellieg 
up a wheel, and withdrawing the Icr^r from the fork, tlie pio in imertfd in one of several holes 
bored in one lidcof the chock B, toenableittompportlhe fork in itaproperpoeitton.wilh the fulcrum* 
|»ns and crank-plni in a line with the rode V, in which pciilion there ii do tendency for (he lever 
to rise b; the ibain due to tfae weight resting on the chocks, the otanks being then in the dead 

For withdrawing the chocka from the wheels readily the chock B is formed witii a narrow nior- 
tiie on the top close to the tiro or the wheel. This is lined with iron for tfae purpose of receiving 
the handle end of the lever D', which is curved, so that when the point enters the mortise the 
lack of the curved part may he pressed sgainst the wheel-tire for withdrawing the chock. 

Corn-Dryer. — Fi^ 243 to 247 are of Davev, Paxman, and Co.'s com-d^or. It conslsla of a 
linig cylinder, containing several intemal cylinders. The cylinder B extends from end to end, and 
is formed with tapering end-piecee, which terminate in trunnions, one of which carries a Bpur-wheel, 
and is caused to revolve by thepiuion. Steam is admitted into this cylinder by tho pipe Q, passing 



out through H. Outside tfae cylinder B are a number of perforated boslers D, amingnl siilnlly, 
end hRTiog hmshBe which revolve in contact with the inner side of a larger cyllridiir. Tills Inttur 
ibrms an annular chamber, into which steam is ndmittud. Air Is sdmlltixl I" the oiiti^ cjlliidnr K, 
In the annnlar space formed between the cylinder S and B a blast is ndmlKcd rroin the bn I, anil 
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moctf iho oorn m it adTanoet throngfa the machinff. The com b fed into the hopper^ which u 
furnished at the bottom with a feeding roller, and it fells thence into the chamber whieh is in open 
oommonicatkm with the pcvferated bMter-ban. In traTening the length of the machine the com 




is exposed to tlio drying action of the steam contained in the cylinder B and the annular spaoe, and 
at the same time is subjected to the action of the blast from the fan, while it is yiolently agitated in 
its pasiHtffo by means of the brushes and the holes in the beater-bars. £ E are yentilaton, F a 
steam-valve, r the hopper-valve, P L M pulleys, and W and Y gearing. B is the outlet for the 
dried corn. 



348. 




A. W- ( ' .!t -*. — Kic^. -48 rtn«l *249 n»|>Ft^ont a di:Jc riH>t-cnttt r, conMrnctid by M. Albaret. The disc 
lm« knixiHi, Kit;. -^i\ tiiul is cHiriiHl at tho oxtnnuity itf an irxm axio rv\t>ivtng in a very long buah 
u hu U lm\vrM-« tho iK^i^^r. Tho nvl« aiv thmwn iuto a hop|)er, part of tho vertical feoe of which 
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n SonoBd by the rertdTine disc. The weij^t of the nbts Mtuea them tn descend agatiut the kniveB 
(tf the diso, tbe CQttings nlling into b (nuneof thin sheet Iroalo preTent kiea from Bcitterinf;. The 
diso may be tamed bj hand or steam pover. When tamed by hand, it mahca about ^ to 60 
KTolatioDS per minute, oud with steam attains about three times this velocity. To out the raota 
iuto uuall prisms toothed knivee are used. Fig. !49. To cut slices, for tbo toothed plate is aubsti- 

*-'-' -i Btraight cutter. Tlie depth of the ahoea is rwnlated by the portion of the euti "" 

1 to the piano of the disc. Tbe airsngemsnt of ue hopper varie* eKatly, bnt it is pj 



e hopper varie* ereatly, bnt it is preferably 
to be oonatiQctad of inm bars placed suffioienUy near together to retain the nwb. 

J/i)rtc-0eart.—1S. de Valoourt has prepoa«d a hoiae-gear worked with orads, Fig. 251, of Tery 
aimple oonstruotiotL A otHiioal piece <»t wood, bond thrMglunt its ftxu, revolTea on ft vortical iron 




[HTot fixed upon a massive pior or frame. The ootiieat piece of wood, which fonns tlie shaft of Ihe 
gear, carries a uumboi- of wooden arms, in tbe diicction of the spokes of a wheel, and kept in a hori- 
iraitaJ plane by light iroo tics connected to the summit of tlie central axis. The ends of the arms 
are grooved, and funa, as a whole, an onomous pulley or wheel, the periphery of which is not con- 
tinaons. In these grooves works an endless cord intended for tlio transmission of motion. Tbe 
arms are 12 to 15 ft. in length, and are placed about 4 ft. above tlieground.saUuitthe horse wallung 
between two traces attached (o two arms, so as to form a oliord with the rope, draws directly npon 
tbe machine. Tbis horee-geor is well adapted for those sitUBtiiHiB where a scarce of power is reqaued 
temporarily. 




toothed wheels B are placed bene*th this plate ; the«! engago «ith a crown-wbocl, and with the 
pmi<»i keyed on the axle A A'. The three wheels revolve with the same velocity, and for each 
{evolution of the beam make a number of turns exprcsseil by the .n torso wt'oof the uumUTof their 
teethtothonnmbcroftecthofthofixcacrowo. The motion of the throe wheels U U trousmittwl to 
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the pinion. Finally the rotation of the axle A is transmitted to the horisontal axle e hj the 

wheel and anele-pinion M and K. If the fixed crown carries 56 teeth, the wheels B 22, and the 

pinion 11 teeu, and the ratio of the oiroumferences of the wheel and angle-pinion be eqnal to 5, 

56 22 5 
the axle c will make a number of revolutions expressed by — x-^-i x-=25*45 while the horse 

«^ iJi 1 

goes round once. A fault of construction of this gear maybe mentioned, as it introdoces a generally 
useful remark often applicable to gearing constructed with too great an economy, or in which too 
great an attempt has been made to reduce the dimensions of the mechanical parts. In a well- 
planned gear the ratio of the diameter of the pist or trace-ring to that of the first tooth-wheel should 
not be too great ; for the efibrt exerted on the teeth of the Sni wheel is equal to tiie draw of the 
horse multiplied by this ratio. These would have to resist very great forces, and would be easQy 
broken by any sudden check or pull given by the horse, if the length of the arms or beams of the 
gear had too great ratio to the radius of the first toothed wheel. The old gears in wood with their 
immense crown wheels of a diameter frequently greater than half that of the pist, were coxisequently 
well designed. Donbtless, this cannot be an absolute rule, and must be modified by exigencies of 
another nature, but the diameter of the first wheel should be at least one-fiifth of that of the pist, 
except under special circumstances. E. B. and F. Turner, of Ipwioii, have designed a horse-gear. 
Fig. 254, in which the main wheel is intemally geared, and drives a pinion cast in the same piece 
with a bevel-wheel, and 

revolving on a pin keyed * ^^*' 

to the. lower part of the 
firame. A bevelled roller 
running free on a pin pass- 
ing through the side of the 
frame, bears against the 
upper edge of the bevel 
wneel, and keeps it steadily 
in gear with the pinion. 
The bed-plate is rectan- 
gular, and the bracket 
carrying the upper bearing 
of the main shaft is light 
and occupies but small 
space. 

Sulphurator. — Although 
more closely allied to field 
operations, it is convenient 
here to describe an appa- 
ratus used for destrovmg 
mould upon the hop-plant, 
and termed a snlphurator. 
Fig. 255. Mould or white- 
blight, occasioned by the 
fungus Spierotheca Ca»- 
tagnei, allied to the fun- 
gus that causes the vine 
disease, known commonly 
as oidium, was formerly 
terribly injurious to hop- 
plants; but like its ally, 
nas been checked to a great 
extent by the application 
of sulphur put on usually 
before the hops are in burr 
or bloom with a sulphur* 
ator. This machine is 
drawn by a horse between 
tlie rows of plants. Two 
separate applications of 
sulphur are usually made ; 
the first when the bine id 
just over the poles, the 
second just before tlio burr or bloom api^ears. About 50 lbs. per acre la put on at racli application, 
at a cost of about 155. per sere each time. The machine consists of a blower deriving its motion 
from the wheels of the carrier, and a chamber in which sulphur la burned, and through which tbo 
blast is directed. When hops are drying, it is usiwl to fumigate them with sulphur whtn evapora- 
tion is at its highest point. The sulphurous acid evolved by the sulphur bleaches the leaves of 
the reeking hops, and imparts to them a golden colour. About 10 lbs. of sulphur sre burned for 
300 bushels of gn^n hops. If hope are much disooloured, sulphur fumes are passed through them 
twice while they are diying. 

BELTS AND BELTING. 

There is no simpler or more etTective means of transmitting motion than that aiTordea by 
cords, bands, or straps. The manner in which this means is made to take effect, through the 
frictional adhesion between the surfaces of the belt snd the pulley, oondnoes to the safety of the 
whole mechanism ; for, if sny unubual obstruction intervene, the belt merely slips, and shocks 
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and breakage are prerented. The iadlity with which this oommmiioation of rotary motioii may 
be establiBhed, or brokeD, at a diBtanoe, and under almost every Tarietr of circomstanoe, has 
brought the band so extensively into use in machinery, that it is one of the principal ftH«nn««i.f 
through which work is transmitted. 

A belt at a certain tension is not capable of exerting more than a certain definite force upon the 
pulley over which it passes, and it therefore occupies a certain time in communicating its own speed 
to tlie periphery of that pulley. The length of this time depends upon the masses which are to be 
Bet in motion alone with the pulley, and ine speed which is to be imparted to them, and until this 
time has elapsed the band has a slipping or shding motion on the pulley. Belts are not, therefore, 
suitable for communicating a constant relation between seyeial yelocities with precision, on account 
of their being free to slip on the pulleys ; but this yery freedom to slip, as already pointed out, con- 
stitutes one of their great advantages when used in swift and powerful macMnery, hince it prevents 
those shocks which ordinarily take place when machinery which has been at rest is suddenly 
thrown into gear. 

From a number of experiments which have been made, it has been ascertained that the 
loss due to this slip amounts to about two revolutions in a hundred. In practice this would be 
but a slight loss, and would not occasion any inconvenience ; but where there is a long train of 
gearing, repeated from shaft to shaft by belts, the loss becomes serious, for after a succession of five 
speeds it amounts to no less than one-tenth of the calculated speed, while at the end of thirty-four 
speeds the Telocity will be reduced by one-htilf. From these considerations it appears that where 
it is required to transmit speeds as near determinate as may be, by means of bands and pulleys, it 
will be necessary to increase the diameter of the driving pulley by its one-fiftieth part, or to dimmish 
the driven pulley in the same ratio. The following table gives the percentage of slip in open 
and crossed belts of various lengths. 



Parallel BettflL 
I.«ogth tn Feet 


Perooitageof 
Yelocl^ lost bf 


Crowd Belta 
Lei^inFeet. 


PerceDtageof 
Velocity lost by 

supping. 


6 


4*2 


6 


3-5 


12 


8-9 


12 


3-2 


18 


3-6 


18 


2-9 


24 


3-3 


24 


2-6 


SO 


30 


80 


2-3 


36 


2-7 


36 


2-0 


42 


2-5 


42 


1-8 


48 


2-3 


48 


1-6 


54 


2-1 


54 


1-4 


60 


1-9 


60 


1-2 



From this tuble it ^11 be seen that the length of the belt exercises a considerable influence over 
the amount of its slipping, long belts being much less liiible to slip than short ones ; and it will 
also be seen that a crossed belt posseBses a great advantage, in this respect, over an open or parallel 
belt. 

MtiUrial and Manufacture. — Various substances, such as vulcanized-rubber, paper, sheet-iron, 
and others, have been, and are still, iu certain special cases, employed for making belts ; and their 
adoption has, in many cases, been followed by good results. But the most generally uscid material, 
and that which, after long experience, and numerous experiments with the various substitutes, has 
been almost universally adopted, is the best oak-tanned leather. 

In the manufacture of belting, choice should be made of young hides, as these possess much 
more strength than the hides of old animals. After these have been carefully selected, they should 
be thoroughly tanned, by the old-fashioned oak-bark process ; and the more slowly and perfectly 
this tanning is carried out, the better for all belting purposes will be the leather. 

Fireyious to cunying, the shoulders should be cut off, leaving only the best parts of the butts to 
be tanned for belting. It is the presence of these shoalder pieces in belts that often causes so much 
annoyance by makine them run crooked ; the shoulder naturally stretching in a direction contrary 
to the stretch of the butts. 

Belts for service in dry, warm placies may be made of coarse, loose leather, and will, under such 
conditions, be found to wear and work well ; but for wet or moist situations, the finest and firmest 
white oak-tanned leather should be used. 

Strength, — The strength of straps must, of conr^se, be determined by the work they have to 
transmit. If a strap transmit a force of n horse-power at a velocity of v feet a minute, then the 

tension on the driving side of the belt is lbs., and this tension is independent of the initial 

tension producing adhesion between the belt and pulley. For example, let o = 3]4'16 foot a 
minute, which is the velocity of a 24-inch pulley at 50 revolutions a minute, and let 3 horse-power 

be transmitted, then —^r. — ttt- = 312 lbs., the strain on the pulley due to the force transmitted. 

314'16 ' ' 

From the mean of a great number of experiments, which have been undertaken at various times, 

and under varying circumstances, the absolute strength of ordinary leather belting, three-sixteenths 

of an inch thick, appears to be about 3084 lbs. a square inch of crossHWction. Those experiments 

wero made with belts of from 1 to 3 in. in width. 
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Good belting three-sixteenths of an inch thick should sustain for a long time, without any risk 
or serious wear, a tensional strain of 50 lbs. to each inch of width ; or, aooordiug to Mortn, about 
855 lbs. the scjuare inch of section. 

The following table, showing the relative strength of leather and other belting, is taken from 
Cooper's ' Use of Belting.' The Oentennial tests were made in the Philadelphia Exhibition, on July 
3, 1876, in Messrs. Biehld Brothers' testing machine ; the others haye been deriTed from various 
souroes. 





SlieofBelt 












Tested. 


Force 


Foras 


Force 




lUtertal In Belt 


Width 


Thick- 


Breaking the 
Belt 


Beqoiredto 
^reak 


Beqniredto 
Break 






in 


neasln 


1 Inch Width. 


I Square Ineh. 






Indiefl. 


Inches. 












in. 


in. 


lbs. 


lbs. 


lbs. 




Leather 


3 


' 1 


3750 


1250 


5000 


Centennial tests. Oak-tanned. 


» 


3 


7 


3625 


1208 


4833 


M 9* M f> 


»f 


3 




3500 


1166 


4666 


M ft n n 


♦f 


3 




3375 


1125 


4500 


M » »» W 


>* 


3 




3250 


1083 


4333 


M « »♦ »« 


t» 


3 




3000 


1000 


4000 


»» »l M •» 


f» 


3 




2250 


750 


3000 


>• n %t 99 


n 


3 




3250 


1083 


4333 


Mean of the seven testa. 


Raw hide 


3 


A 


2875 


958 


6131 


Centennial tests. 


Sugar-tanned 
Rubber 


^ 


i 


2000 


727 


2909 


»♦ ♦» 


8 


• • 


3500 


1833 


• • 


M n 


« S-ply 


8 


A 


3000 


1000 


4571 


» » 


lieather 


1 


A 


552 


552 


2944 


(Mean of five experiments. 
\ Ordinary leather. 


n 


2 


A 


1077 


538 


2872 


» flvo w »♦ 


n 


3 


A 


1522 


507 


2705 


f» three „ „ 


Rubber, 3-ply 


2 


• • 


1211 


605 


• 1 


♦♦ nve )t «, 


n n 


3 


• • 


1763 


587 


• • 


n five „ „ 


Leather 


1 


-^ 


530 


530 


2836 




Rubber, 3-ply 


1 


• • 


600 


600 


• • 




Leather 


H 


• t 


1050 


840 


• • 


Oak-tanned. 


»> 


li 


• • 


1850 


1480 


• • 


Page tannage. 


*t 


• • 


• t 


• • 


• • 


3200 


Good quality. Many tests. 


» 


e • 


• • 


• • 


• • 


4000 


t9 M 


» 


• « 


• • 


• • 


■ • 


4278 


English. Bankino. 


Raw hide 


e • 


• 9 


• • 


• • 


6417 


»» »» 


Leather 


1 


A 


930 


930 


5000 


Good new Englitth. 


n 


1 


* • 


1000 


1000 


• • 




»t 


3 


A 


2025 


675 


3086 


Towne. American. 


>» 


• • 




« • 


« • 


4200 


Ox. English. Bankino. 


Flax 


5 

5 

10 


• ■ 


6272 

7448 

16632 


1254 
1489 
1663 


•• 


Ig. Spill and Co., London. 




. * 


• • 

• • 


1 Flax yarn oomoutod. 


Leather 


4 


• • 


2100 


525 


• • 




Calves' skin 


•• 


. % 


• • 


• • 


1890 


London Moch. Mag., 1863. 


Shc'op skin, 














BraxU 




• . 






1610 


f» M »• 


Horse „ 




• • 






4000 


f« » ft 


M n 




• « 






8200 


ft »» ♦» 


9* n 




• • 






1680 


» » r 


Cow „ 




• • 






3981 


f« 9* >« 


Cotton duck 


i* 


• • 


200 


200 


•• 


.Centennial tesU "« Union." 


lieather 


3 


• . 


8000 


1000 


• • 


1 Two shaved leathers, with 


19 


8 


• ft 


5625 


1875 


•• 


1 cloth cemented between. 
1 No rivets in stronger piece. 


M 


1 


• • 


•• 


1000 


• • 


Good quality. 



Durahility. — The wearing of belts depends altogether upon circumstances. If they adhere welt 
to the pulleys, and there is no slipping, but a oontioual adhesion while at work, leaving the 
pulloys clear, there is no perceptible wear while running with the hair side to the pulley ; but put 
the rongli or flesh side to it, and wearing will soon occur, from the friction caused by slipping on 
the pulleys. 

Lxperiouco has proved that when the grain side of a belt is placed next the pulley, it will drive 
Hl>out thirty-four per cent, more than when the flesh side is placed next to it ; but in connection 
with this, another question arises, namely, which side placed next the pulley is the laoro 
dumblo. 

It is woll known that tlio strength of Icallier is on the hair side, and it may be said to lie in 
about one-fourth of tlie thickuusd ; when, Ihvrofore, this part of the bolt b worn away, it will uc 
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loDger be of iniieh aemoe. If, however, the flesh ride be covered with a good coat of tatmer*8 
dabbing, and thia be repeated for two or three socoefluve days, it will acquire a Bmoothnesa, and 
a Gonaeqnent driving power, almost or qnite eaoal to that of the hair ride. And as, by placing 
this ride to the pulley, the strong ride will be preserved from wear, the belt will be fonnd, 
in many oases, to last six times kmger when used in this way than when mn on the hair ride 
ezdorively. 

Loose-running belts will last much longer than those which must be drawn tightly to drive ; 
tightness being evidence of overwork and disproportion. 

Pnservation and Care of BelU. — Care should be taken that belts be kept soft and pliable ; and 
they should also be well protected firom water and moisture. Penetrating oil should only be used 
when a belt has beoome very dry and harsh firanrn neglect, for the frequent application of such oils 
renders the leather soft and flabby, cauring it to utretoh, and rendering it very liable to run out of 
line. A good diesnng for leather belts is castor-oU ; this may be applied by means of a rag 
or hniah, while the belt is mnning, thus preventing loss of time by stoppage. The following is also 
a good dressing: one part of beef tallow and two parts of castor-ou, to be melted together and 
applied warm. The use of rither of these will prevent the attacks of rats or other vermin, as none 
of them will touch the leather after one application of castor-oil. 

Belts and all pulleys should be kept clean, and free from aooumulations of dust and grease ; and 
especially from contact of lubricating oils, some of which permanently injure the leather. 

To prepare a new belt, soak it for about ten minutes in water, then diy it for fifteen minutes, 
and afterwards brush it over two or three times with neaf s-foot oil. When this is well dried 
the belt is ready to be put on. To keep it in good order it should beoUed once every two months in 
cold weather, and once a month in warm. 

When a belt is dry and husky, but still pliable, a coating of blood-warm tallow, dried in by the 
heat of a hre or of the sun, wUl tend to keep it in good working condition ; the oil of the tallow 
passes into the fibre of the leather, serving to soften it, and the stearine is left on the outride to fill 
the pores, and thus preserve a smooth surface. The ad<Ution of resin to the tallow, for belts used 
in wet or damp places, will be of service, and help to preserve their strength. Belts which have 
become hard and stiff should receive an application of neatVfoot or liver oil, mixed with a small 
quantity of resin ; this prevents the oil from injuring the belt, and helps to preserve it. The 
quanti^ of rerin, however, should not be sufficient to make the belt sticky. The following com- 
porition is recommended as a good one for preserving the pliability of belts : — 1 gallon of neat's- 
foot oil, Igallon of tallow, and 12 ounces of resin, tlie whole to be dissolved b^ heat and well 
mixed. This is to be applied cold, the belt being fint damped, excepting the joints, with cold 
water ; and the comporition is to be well rubbed in. In winter a larger proportion of oil will be 
required. 

The use of printers' ink has been recommended for increasing the adhesion of belts ; a cose 
bring on recora where the slipping of a 6-inch belt, which had become very dry and smooth, was 
entirely prevented, for twelve months, by one application of this substance. 

Belts stuffed with a composition formed of two pajrts, by weight, of tallow, one part of bag-berry 
tallow, and one of bees-wax, will run well for six months, without any attention, and will also he 
impervious to water. It is al^ said that a belt stuffed with this comporition will last twice 
ss long as one stuffed with oil. The comporition is to be heated to the boiling point, and applied 
directly to both rides of the belt, by means of a brush ; and the belt is then to oe held close to a 
red-hot plate, in order to soak in the bees-wax, which does not enter the pores of the leather from 
the action of the brush. Gare must, however, be taken to have the leather perfectly dry, so as to 
prevent its burning. A kettle of this composition was placed over a blacksmith's firo and melted, 
a coil of perfectly dry 2-inch belting, about 16 feet long, was then put into it aM boiled for forty- 
five minutes in the greatest degree of heat that could be produced by blowing the fire continually ; 
when taken out it was found that the texture of the learner was not the least injured by the heat 
of the comporition. A piece of belting damped with water was next tried, and this was found to 
be burned and crisped in less than half a minute. 

Permanent Joints. — In making permanent joints, the ends of the two pieces to be united must 
first be scarfed, or bevelled, as shown in Fig. 256 ; they may 
then be joined by either of the three following methods, 
each of which is extenrively used. Ky^ S ^^S^ S^^igsgS^S^lS S^^^^^ k 

Glue the ends with ordinary hot glue, and bind them 
together with hand-screws until the glue is set, then drive 

in a number of shoemaker^s pegs, dipping each one into hot glue before driving it in ; the number 
of pegs required will vary with the width of the belt The pegs should afterwards be pared smooth 
on both rides, and the joint made of equal thickness with the rest of the belt. If not exposed to 
water, this joint will last as long as any part of the belt. 

A good cement for joining leather, and one which has been found to stand well under heavy 
tests, is prepared as follows ; — ^Take ten parts of bi- sulphide of carbon and one part of oil of 
turpentine, and in this mixture dissolve sufficient guttapercha to render the composition moderately 
thick. The pieces of leather to be joined must first be freed from grease ; this is best accomplished 
by placing a doth on the leather and pressing over this with a hot iron. After the joint is made, 
it is very important that it should be dried under pressure. 

For making permanent joints in leather belts, take equal parts of common glue and isinglaM, 
put them in a boiler or glue-pot, and add sufficient water to just cover the whole ; allow this 
mixture to soak for about ten hours, and then bring it to a boiling heat, and while it is In this 
state add pure tannin until the whole becomes ropy, or appears like the white of an egg. Apply 
this mixture warm, and rub the joint surfaces solidly together ; allow it to dry for a few hours, and 
it is ready for use. Joints put together in this way will not require riveting if they are properly 
done, for the cement itself is nearly of the same nature as the leather. 
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Lac€9 and Lacing.-^The uanal method of joining the ends of a belt, that is, by means of leather 
thonga or laces, is midoubtedly the best as well as Uie most convenient, the thong being more easily 
obtained and applied than any of the numerous and ingenious substitutes which have oeen devised 
for securing the ends of belts. 

From a great number of experiments which have been made with laces of various widths and 
thicknesses, for the purpose of ascertaining their strength, it lias been found that the strength 
depends very much upon the part of the skin from which the thong is cut ; one cut from near the 
backbone possessing, on an average, four times the strength of one out from any other part 

£el-skin laces are, undoubted^, the strongest laces or strings that can be obtaiued for lacing 
belts ; they will withstand rough or hard usage, and will outlast any belt or ordinary lace. They 
are prepared by thoroughly drying the skins, and then ditting them lengthwise ; and they can 
easily be prepared for use within three hours from the time of catching the eels. 

In punching belts for lacing, the belt is weakened to the extent of the sum of the diameters of 
the holes, when the same are in a straight line across the belt. From this it will be seen that the 
best punches for cutting the lace-holes are those possessing an oval section, as they cut away leas 
of the cross-section of the belt and still give ample space for the lacing. 

It U the practice of some engineers to cross the laces on both sides of the belt, while others croaa 
them on the outside only, laying] the strands evenly on each other in the line of motion on the 
pulley side of the belt, which experience proves to oe the better way. 

In Fig. 257 is shown a method of lacing without crossing by means of double rows of holes. In 
this arrangement the two ends of the lace a a, are tied in the middle of the belt Experience has 
proved that when a belt is laced in this manner, the lace will last twice as long as when crossed. 
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The best position for the holes, as proved by a number of experiments, is that shown in 
Fig. 25S, since by this arrangement the cross-section of the belt is only weakened by two holds 
in any place. In the first experiments which were made with this system of lacing, the line a b was 
not cut, and the invariable line of fracture, which always commenced first at the edges, passed 
through the holes nearest to the same, and continued across in the same straight line, was cd or 
ef. The belt was then cut through the line a b^ and after being securely laced it gave the 
following results : — The tearing began at the holes at five-eighths of the breaking-strain, and con- 
tinued until the lacing tore out at the end holes, when the rest went suddenly. After being sub- 
jected to one-half of the breaking-strain for twenty-four hours, a slight addition to the weight 
caused the holes to tear, and, after commencing, the tearing continued rapidly until the end holes 
tore out, when the whole went suddenly, as before. After being subject to the same strain for 
forty-five hours, the effect was as above btated. But after being subject to one-third of the breaking 
strain for one week the holes showed no signs of fracture. 

The tearing out of lace-holes is often Httributed to bad belting, when in reality the ^ultconsLnta 
in having the belt too short, and trying to force the ends together by lacing ; and the more the 
leather £is been stretohed in the process of manufacture, the more likely is this accident to 
occur. 

It has been proposed, as a means of strengthening laced belts, to employ large oval eyelets with 
broa<l flanges, to clasp or confine the matoriali These eyelets would not only matorially strengthen 
the belt by distributing the strain round the whole of the circumference of the hole, instead of its 
being directed all to one part, as is the case when the holes are nut so protected ; but Uiey would 
also preserve the holes from the rending action of the lacing, which must have some effect upon 
the portions in contact, as no belt can be lacod so tight that the lacing will not rend to some 
extent 

The following method of lacing a quarter-twist belt is recommended as a means of equalising 
the strain on both sides of the leather. Put the belt on, and 
bring the ends together in the usual way, then turn one end 
inside out and lace. The belt will then run first one side out 
and then tlie other, and will be found to drew on both sides 
alike. 

lidt'IIuohi and o*hcr Fastntngs — The Ch>impi(jn Belt'Ifook, — 
Tills hook, which is shown in Figs. 259 and 260, possesses a 
substantial double bearing, which precludes the possibility of 
ite tearing out ; it is less expensive than the Blake stud ; 
and nltliough it costs more than the ** C '* hook, it is In the 
end cheaper, as it retains ito original shape in the belt, and oonsoquently can be used over and 
over again. This can be a<ljusted in little time and with great ease ; shortening a belt or taking 
up slock is quickly accomplished ; and few other belt-£Astonings are equal to it for strength. 
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T%e Lmeotne Btii-FiuUiur.'—Tbia is one of the moit ingeniDiis ianm of belt-fasteiier now in nae, 
affordiiig us it does a yery fltrang and yet li^hi joint by nmple neans; and it is as apnlieaUe 
to nae with belts of indiaiubber as it is with those of leather. This &steoer is of Canadian in- 
vention. It consists of two pieces of ftoogh, eerred plate, tinned to preserve them from oxidation. 
The buckle proper is cnrred as shown in Fig. 261. snd it is formed with a series of teeth at each 
end ; these teeth are shown by the dotted lines in Fig. 2<52. It will be seen that the width of this 
bnckle is rather less than the width of the belt In applying this bstening, the ends of the belt are 
pierced from the inside with an awl, or a special tool for the purpose, in a somewhat slanting 
diieetion, and the pointe of the teeth are inserted into these holes, in such a manner as to project at 
the opposite side to that at which they are inserted. The plate cover, or clasp proper, is then 
slipped over the projecting teeth, thus tying them seenrely &sf, and making the complete bnckle. 
With Tciy wide belts sevml snch buckles are required. 
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WHaom's ^t-ffooks.—Tbead hooks are made in two forms. Fig. 263 is to be used with belts 
mnning at high speeds over small pulleys; and for making pennftnent joints, instead of the 
ordinarv cemented and pegged joint Fig. 264 is intended to take the place of the ordinuy laced 
ioint : by its use the strain is brought* to beer on four or five times as many places as it would 
be If laces were emploved, beeidos which, the belt is not weakened by having part of its substance 
removed by punching holes for the laces. To apply these hooks, they should be laid on a bench, 
or some other firm and solid place, with the teetd upwards, and the belt should then be driven 
down as tight as possible to the plate by means of a moemaker^s hammer. The teeth of the hook« 
Fig. 263, are made of sufficient length to come through the belt, and are to be dendied down and 
forood well into the substance of the leather. It is claimed that belts festened by these hooks 
can be mended in one fourth of the time that would be required with laces ; and they are also said 
to be one of the best fosteners for rubber or paper belts. 

Biak^s BeHStudtf ite form and manner of inserting which are slkown in Figs. 265 and 266, 
are recommended as being botih better and cheaper than either laces or hooks. They are made of 
such a form as to grip nearly the entire width of the belt, and, therefore, as thev require no punched 
holes, the strong^ of the belt is but very slightly reduced ; whereas the available sectional width 
of a laced belt, with ordinarv punched holes, is generally reduced by one-third. By the use of 
these studs the edges of the belt are kept close together, but the studs do not touch the puUevs. 
Belts which have become too rotten to hold laces, may be securely fastened by this means, for 
the studs will hold until the leather is completely worn out They also constitute an efficient 
fisstening for use in damp places. In leather belts, the slits for inserting these studs should be 
made one-ouarter of an inon, and in rubber belts three-eighths of an inch, from the ends, and the 
studs should be inserted half-an-inoh apart. The smallest size of these studs. No. 6, aru uied fur 
such purposes as joining the belts oi ordinary sewing machines; No. 5 for 2-in. belts; and 
Nos. 1 and for 4 and 5-ply rubber, and for double leather belts. 

265. 





268. 
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In Fig 267 is shown a method of joining the ends of belts, which is much recommended. The 
plate a is of brass, curved to the shi^e of the pulley, and is rather narrower than the bolt This 
plate laps Uie joint and receives oonntersunk-h^ screws from each end of the belt 

Fig. 268 shows another method of fastening the ends of a belt bv means of screws, whidi has 
been very sncoessfnlly adopted in practice. When this system is adc^ted, the belt must always 
travel in the direction of the anew, and never be allowed to run against the joint. 
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In Figs. 269 to 271 is shown a method of joining the ends of a belt, without the aid of either 
laoee, hooka, or Bcrews. Two or more oval slots, Fig. 269, are made near one end of the belt to 
be joined ; and in the other end of the belt. Fig. 270, D-ahaped slots are made, the material 
being out through the middle of the straight side of the D, by an incision parallel to the length of 
the belt, thus dividing the end into T-shaped 

parts. The ends of the belt are scarfed, so s^'- ^®* 

that when engaged, they will lie closely to 
the body of the belt In connecting the ends 
of the l>elt, the T-shaped parts are twisted a 
quarter-way round, and passed through the 
oval slots in the other end, and then straight- 
ened up again, thus locking the ends to- 
gether. 

Oeneral Conditions affecting the Sunnina of 
Belts, — In order that belts may run well they 
should be perfectly straight, and of equal 
thickness throughout their length ; and they 
should have but one laced joint. The enaa 
to be laced should be cut at right angles 
to the sideS) and the holes should be oval 
punched. The lacing must be put in evenly, 
of equal strength to the belt, and there must 2f i. 

be no crossing of laces on the inside. 

In the preparation of long belts, groat care should be taken in selecting the pieces to have them 
of equal thickness, and the ends of the several pieces should be evenly scarfed or bevelled, and 
united in some permanent manner. If copper or other rivets are used, the heads should be let 
in rather below the inside surface of the belt, to prevent contact with the pulley, and the washrrs 
should be placed on the outside surface. If the bevelled and lapped ends are sewed, the wax-end 
should be laid in flush, on the inside of the belt, to prevent wear. 

Care should be taken to have all belts run free and easy, with as much black as possible on tlio 
upper side. When the slack is in this position, its weight forms a most effective tightener, in- 
creasing the adhesion of the belt, by enlarging its ciixmmferential contact with the puTlevs. The 
amount of this slack should be sutBcient to allow the return, or following, side of the belt, lo ran 
with a gentle undulaUng, or waving motion ; all the tension being on the leading, or driving, side 
of the Mt When a belt is so run, without sliding on the pulleys, it will wear for a neat length of 
tixne. For, although a belt may be heavily loaded, yet if st every revolution it has an oppor- 
tunity of relief from its tension, so as to be able to contract to its natural texture, it will prevent it 
from oreaking by the stress upon it. If, however, it be kept strained tight on both sicfes of tho 
drum, it will soon show signs of wear, especially by cracks at the edgea, and it will last but a short 
time. With loose running belts, also, the shaft and all bearings will be subject to muoh less 
strain ; and may, consequently, be made lighter than they otherwise oould. 

The use of tighteners, with horizontal and inclined belts, should be avoided in all possible cases ; 
and they should only be adopted after every other means of obtaining the requisite power from the 
belt has been tried and failed. When used they should be of as large a diameter and as freo 
running as possible, with perfectly smooth, flat faces, and should, of oonrse, be applied to the 
upper, or slack side of the belt 

y^ical, or perpendicular, belts, require to be run tighter than horizontal ones, in <Htler to 
insure contact with the bottom pulley ; they must therefore, bo kept tightly strained, and th«*y 
should be made of leather which has been well and thoroughly stretched in the process of manu- 
facture, to lessen their tendency to stretch by their own weight while hanging on the pulleys. If 
tighteners be used with vertical belts, they should be fixed in such a manner as to operate by their 
tendency to fall towards a horizontal position. 

Belts should be applies! with the grain side to the pulley ; so used, they will not only do more 
work, but they will last longer than if used with the flesh side to the same. The fibre of tho grain 
side is more compact and fixed than that of the. flesh side, and more of its surface is constantly 
brought into contact with, or made to impinge upon the particles of the pulley. The two sur&cea, 
that of the band and that of the pulley, should be made as smooth as possible, especially as tho 
surfaces in contact increase in extent, and the more they impinge on each other. The smoother 
the two surfaces, the less air will pass under the band, and between it and the pulley, as the air 
prevents contact, and the greater will be the contact, and the more machinery will the band drive. 
The more uneven the surface of band and pulley, the more strain will be necessary to prevent 
the band from slipping. What is lost by want of oontaot, must be made up by extra strain upon 
the band, in order to make it drive the machinery required ; oftentimes, if the band is lacod, causing 
the lacings to break, the holes to tear out or fastenings of whatever kind to give away. Bands 
used with the grain side to pulley will not crack ; as tho strain, in passing the pulley, is thrown on 
the flesh side, which is not liable to crack or break ; the grain not being strained any more than 
other portions of the baud. 

Belts should not be worked up to their full power, and they undoubtedly give the best results 
when running on large pulleys at a high velocity ; the driving side being placed below, ss already 
pointed out The best speed for economy of working is from 1200 to 1500 ft. a minute, and it 
should never exceed 1800 to 2000 ft., or the extra strain thus occasioned will seriously reduc« 
the durability of the belt 

Horizontal, inclined, and long belts give a much better effect than vertical and shott ona ; for 
a long slack belt will work for years, while a short one under heavy strain is soon destroyed. 
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Cue miiBl, however, be taken that the length be not too great ; u iiutaiioe the foUowiiig case. A 
W-iiL poUey, at 45 revolutions a minute, drove a IS-in. pulley, about 50 ft distant, by an 11-in. 
belt, 109 ft long. The tops of the pi^eys were nearly on the same level, and the belt was 
crossed. This belt was continually flapping about, soon became crooked and irregular in width, 
and was frequently torn asunder, at the lacings, by excessive tension ; and the whole arrange- 
ment proved very troublesome until changed to the following ;— The speed of the 60-in., and the 
diameter of the dnven pulley, were doubled, and the distance between their centres was reduced 
to 15 fL The belt now drives with more power, gives greater regularity of speed, and works 
better every way. 

Sometimes a belt will be found to work badly from causes quite outside its own motion and pro- 
portions ; as instance the following case in practice^ A 46-in. pulley on the line-shaft, drives a 
()0-in. pulley on a 4-in. shaft, at the rate of 73 royolutions a minute, by means of a 12-in. 
open belt This latter shaft is situate 7 ft. 8 in. below, and 2 ft. in front of tiie line-sliafl, and 
carries on its centre an 8-ft. fly-wheel, weighing S750 lbs. ; and it has a crank with a double pin 
on its overhanging end, which is connected with and drives two marble saw frameSk one very heavy, 
the other of medium size. The belt runs slack and free, and was not touched at the lacing during 
six months of very steady and satisfactory running. Before the 8-ft. fly-wheel was put on, a 
6-fL fly-wheel of about 1450 lbs. weight was used, which a long, troublesome experience proved 
altogether insufficient The belt had to be run vezy tightly ; it tore frequently at the lacings, even when 
the laced ends were doubled to make the stronger joining ; and at all times while running, the liKsk 
of momentum in the wheel caused unsteadiness of motion in the whole system of gearing in the mill. 

Slippmg.^li is a well-known fact in connection with belts, that they require a greater denee of 
tension, to prevent their slipping, when running at a high than they do at a low speed. Various 
reasons have at diflerent times been advanced to account for this ; but tiie following appears to be 
the true cause. 

The centrifugal force of the belt acting against its tension, causes it to slacken its grip of the 
pulleys, and this force naturally increases in direct proportion with the speed. For it can be 
prov^ i^m the elementary hiws of dynamics, that if an endless band, of any figure whatsoever, 
run at a given speed, the centrifugal force produces a uniform tension, at each cross section of the 
band, equal to the weight of a piece of the band, whose length is equal to twice the height from 
which a heavy body must fall in order to acquire the velocity of the band. 

If 10 be the weight of a unit of length of the band, v the speed at which it runs, and g the 
velocity produced by gravity in a second = 82 ; then the omtrifugal tendency, as it may be called, 

has the following value : • 

g 

The effect on the band in motion is, that at any given point the tension which produces pressure 
and friction on the pulleys, or available tension, as it is called, is less than the total tension, by an 
amount equal to the oentrifrigal tension ; for this amount is employed in compelling the particles of 
the band to circulate in a dosed or endless path. It is, of course, to the total tension that the 
strength of the band is to be adapted, therefore the transverse dimensions of a band, for transmitting 
a given force, must be greater for a high than for a low speed. 

ShafU and PuUeya— Shafts,— la the placing of shafts that are to be connected with each other 
bj belts care should be talren to obtain a proper distance between tiiem. For if the distance be too 
great the weight of the belt will produce a yerj heavy sag, and will draw so hard upon the shaft 
as to produce great friction in the bearings ; the belt at tue same time having so unsteady and 
flapping a motion, as will tend very soon to destroy botii itself and the machinery. If, on the other 
hand, the shafts are brought too close together, there will be a loss of driving power from the belt 
on account of the reduction of the surface-contact between itself and the puUeys. Ageneral rule, 
and one which has been found to give very good results in practice, is as follows ; — Where narrow 
belts are to be run over smiJl pulleys, 15 ft is a good average. For larger belts working on larger 
pullevs the distance should be from 20 to 25 ft ; while shafts on which very large pulleys are to 
be placed should be from 25 to 30 ft. apart Another rule gives the distance between shafts to 
equal ten times the diameter of the smaller pulley. 

Shafts which are to be connected by belts should never, if it can possiblv be avoided, be placed 
one directly over tiie other ; for in such a case the belt would require to be kept very tight to do 
the work. It is desirable that the angle of the belt with the floor should not exosed 45^. Ciroum- 
stances, however, generally have much to do with the arrangementi; and the engineer must use his 
judgment, making aU thmgs conform, as far as may be, to general principles, always bearing in 
mind that the distance between the shafts should be sucJi as to allow of a gentie sag to the belt 
when IB motion. 

Wionght-iron shafting of 1 in. diameter will transmit between 14 and 15 horse-power at 100 
revolutions a minute, before there is any set twist ; a shaft 2 in. in diameter will transmit 100 
horse-power before tvristing ; and a shaft of 4 in. diameter, and running at the same velocity, is 
capable of tiansmitting 800 horse-power before twisting, but wUl fluently be broken by very 
much leas power if out of line ; whUe 1 or 2-in. shafting, being flexible. wiU hsjdly be influenced 
by bdmJI variations. ItwiU be seen from tiiis that torsion is hardly to be considered m shaftmg a 
miU, as it wiU require larger shaftine to prevent springing by transverse pressure than it does for 




lly. mere is any saving oi incttonin transmitong ine same amouab oi puww, uu. »«»• «» «.*«« 

the diameter is larger than required, as tiie transverse strain requires a larger diameter 

than the torttonal, as above stated. For it evidently requires the same amount of friction to transmit 
a given power with a 1-in. as it does with a 6-in. shaft as the O-in. shaft would, of course, run 
very macn slower. 
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The following table givei the horao-power traiisinitted by ahafts of Tarioiii dUmetera at 
speed of 100 rcTc^ations a minute ; — 
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Pulleys. — The faces of all pulleys must be trae and ooncentrlo, and their shafts pamllel to each 
other ; for, if this is not the case, the belts running upon them will require guiding, and this will 
cause their edges to wear very rapidly. Pulleys for shifting belts should be straight-fiiced, imleai 
the shafts are far apart, in which case they may be slightly convex. 

Flanges to pulleys and belt-guides should be avoided, except for pnlleyB on upright ahafla, or 
where two belts run closely together on the same pulley, or on two acQoining pulleys of like 
diameter ; and even in these cases with a high speed they may often be discardi^. 

To find tlie ratio of Uie speed of turning of two pulleys connected by a band; — Meamre 
the effective radii of the pulleys from the axis of each to the centre line of the belt ; then the qieed 
of turning will be inversely as the radii. The effective radius of a pulloy is equal to the radius 
plus half the thickness of the belt 

Pulleys covered with leather will drive from 25 to 50 per cent more than smooth iroo 
pulleys. 

From a number of experiments carried out by Hoyt, Brothers, of New York, the peroentiige 
of resifitanoe of bands on various pulleys was found to be nearly as follows ; and this percentage 
will indicate the relative working mue of each pulley respectively :— 

Leather-covered pulleys 36 per cent. 

Smooth polished iron 24 to 30 ,« 

Bough turned iron , . . . 15 „ 

Polished mahogany 25 „ 

Wlien it is required to cover an iron pulley with leather, the leather should first be steeped for 
a few hours in a strong infusion of gall-nuts. Then cover the metal with a layer of hoi glne^ and 
apply the leather to it on the fleshy side ; considerable pressure should be employed in order to 
ensure perfect contact between the two substances, and the pressure should be maintained daring 
the whole time that it is drying. When fastened in this manner the leather will resasl the effects 
of moisture, and may be torn sooner than separated from the metal. The following method of 
preparing the glue for this purpose is much recommended ;— Soak the slue in good cider-vineigar, 
and, after it has didbolved, add to every onart of the solution 1 oz. of Venice turpentine; then- 
let it cook for Ave or six hours, and it will be ready for use. Large pulleys and dronis n»y be 
covered with narrow strips of leather wound round spirally ; but narrow pulleys should be eovere d 
by leather of the some width ss the policy &ce. 

Cast-iron pulleys of large diameter are not suited for running at high velocities, owing to 
unequal shrinkage in cooling and other imperfections. Running slow the centrifugal foree has bat 
little effect ; but as the centnfugal force is as the square of the velocity, it is not so easily overoome 
in rapid motions. Making the rim of the pulley tlucker only increases the eentrifogal foroe» as 
tlili force is pro|iortionttl to the weight of the mass in motion, and consequentlv nothing b gained 
by the extra iron. To overcome this difficulty large pulleys have genendly been ooostnicAed of 
wrought iron, the tensile strength of which being much greater than that of oast iron, enables tb« 
rim of the pulley to be made much thinner, and the centrifugal force to be eonseqoently Ttvy eon* 
MfTHhXj redncf^d. Bat the best and cheapest method of construction for large puUevs appears to 
be that arlopti-d by Daniel Hus«ey, of Lowell, Massachusetts, which he thus aeacnbes;— White 
pine M\of made of I -in. boards, and breaking joints for the rim, are built on oast-ir<ti bubs aad 
arrna Now the centrifugnl force of material is as the specific gravity, and the specifir gimvity «f 
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cftgt iron is thirteen times that of pine, henoe the centrifugal force mnst he thirteen times greater ; 
hat the tensile strength of cast iron is only two to one of that of pine, therefore the rim of a pulley 
made of white pine felloes, will snstaiQ from four to six times the centrifugal force of a rim made 
of cast iron ; that is, the same diameter with white jpine felloes will run at more than doable 
the velocity without being torn asunder. It is less likely to be broken by jar or blow, and is le^s 
than half the weight, and will therefore consequently take less power to run it Hussey had a 
polley made in this way 16 ft. diameter and 4 ft wide ruaning at a speed of 90 revolutions a 
minute, and another, 17 ft diameter and 62 in. wide, at 100 revolutions a mi ante, driving on to 
one made in the same way 4 ft diaimeter, and running 425 revolutions a minute. Both of these 
wcve sdd to work well. 

It will be seen from the following paragraph that great diversity of opinion exists as 
to the proper convexity to be given to the faces of belt pulleys ; the' proportion of liae to 
width of pulley face varving in the different formulsa from one-tenth to one ninety* sixth. The 
rounding should evidently be made as slight as is consistent with security, since every deviation 
from the cylindrical form is accompanied by a loss of foroe. For in their prog^ss round the 
pulleys the different ports of the belt are stretched and relaxed alternately. Now if the material 
of the belt were perfectly elastic, the force expended in the distension woiUd be reproduced on the 
eontraction of the belt The amount of loss due to this iDH>e]fect elasticity is not known, but it 
will certainly be increased in proportion to the disturbance of the particles of the belt, that is, the 
hi^er the rounding of the pulleys the greater will be the loss due to this cause. 

Horin says; — ^The pulleys over which belts pass ought to have a convexity equal to about one- 
tenth of their breadth. Molesworth ; belt pulleys should be made slightly convex, in a ratio of 
half-an-inch to each foot of breadth. Another proportion gives one-eighth of an inch rise for 
8 inches of width. And another one-eighth of an inch to the foot. The proportion of ri^ to 
width will require to be greater for narrow pulleys than for wide ones. 

It may be observed that this very provision, namely, the rounding of the face of the pulley, 
which keeps the belt in its place so long as the machinery is in proper action, tends to throw it off 
whenever the resistance becomes so great as to cause a slipping. To maintain a belt on a pulley 
it is necessary to have the advancing part in the plane of the wheel's rotation. 

Many reasons have been advanced to account for the belt running to the higher part of the 
policy, bat the chief cause appears to be the following. That edge of the belt which is towards 
the larger end of the cone, is more rapidly drawn than the otiier edge ; in consequence of this, the 
advancing part of the belt is thrown in the direction of the larger part of the cone, and this 
obliquity of^vance towards the cone must lead the belt on to its higher part. 

In Fig. 272 is shown an improved form of fast and loose pulley, introduced in 1876 by Grafts and 
Filbert In this arrangement the loose pulley a, is made 2 in. less in diameter than the driving 
pulley 6, and is provided with a conical flange c, by 
means of which the belt mounts to the driving pulley. 
The difference in diameter of the two pulleys will 
slacken np the belt 8 in., taking the strain off the belt 
«nd the mction from the pulley, and allowing the belt to 
contract when thrown off the tight pulley. By these 
means tiie belt has a chance to give and take, a^ it is 
always in a slack condition when on the loose pulley, 
and shoold contract enough to keep it tight for a long 
period ; for whatever wUl relieve the belt of strain 
will add to its durability. There is considerable wear 
and tear on a belt in shifting it with the ordinary 
pulley ; for in starting a heavy machine it is necessary 
to bold the belt on with the shifter until the machine 
is in full motion, and during this time the edge of the 
belt is rubbing against the shifter, tearing up the corners 
of the laps and wearing away. The flanged pulley, 
however, requires very Tittle aid from the shifter, for 
when the belt is brought to touch the flange it immediately climbs to the tight pulley, and 
remains there, starting the machine quickly. 

Cone PuUeyi,— Cone pvllejB consist of a series of pulleys of different diameters, and are genemlly 
formed in one casting, They are fixed in one order of succession on the driving shaft, and in the 
reverse order on the driven ; the sum of the respective diameters of each pair being such that the 
same belt will run with equal tension on any pair. These pulleys are employed in latha^, and ifi 
other machines, where it is required at times to vary the velocity of the driven pulley, while the 
rate of motion of the driver remains constant. For crossed belts these pulleys are equal stepped 
ccnes, 00 proportioned that the sum of the diameters of e.:ch bt'ltod pair is the same. For 
uncrossed or open belts a pair of equal and similar frustra of conoids, bulging in the middle, must 
be constructed according to the following formula. Let c denote the distance between the axis of 
the conoids, r* the radius of larger end of each, r* the radius of the smallt-r end ; then the radius 
of the middle, r*. is found as follows : 

-> + 13 . (r» - r«)» 



2t2. 



4V 



J 



f^ = 



+ 



6*28 c 



Having found the three points, r*, r«, r«. Fig. 273, describe an aro of a cirole passing througli them, 
and upon this draw the faces of all the pulleys in the series, in the manner shown. 

In order to show why an open belt would not have equal tension on all the pulleys of an equal 
stepped cone ; let a 6, Fig. 274, be two equal stepped cones on purnllel axcH. Now, if the sum of 
the aiameters of the extreme pulleys e fhe equal to the sum of the diameters c d, the connecting 
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itripeof the bolt «/ and eifBhonld be equal, for the enrolled parti are equal by the n 
the cones; bnt i/andc if cannot ha equal, for tbej are not {Miallel, and hence ilappean that e d^ 
being at right angles to the shafts, is Bhorlet than t f ; therefore. In order to piesene a certain 
tenaioD of the belt, when on the extreme puUejB, the middle pulleja moat be linger than tbe aice 
given bj equal ateps. in order to take up this diCference. 




Arraaycinenl of Bells,— In laymg out the gear of a mill it ii imporlaot to arrange the 
drums and belts in such a manner, that, bo far a* may ho practicable, the stn'ss of one belt 
upon the journals sliall be oounleracted by that of anotlier belt ■□ an opposite direction. Often, 
lionever, cases will arise in nhioh it is oompulsory to place tlie main shall at the side of the mill ; 
but this position should tie avoided whenever possible, as it throws the whole of the strain upon one 
side of the journals and bearings, and oonsequently oauses them to wear unevenly, and soon to be- 
oome loose. The best position for the main shaft is undoubtedly tbe centre of the mill; tbe 
position of the seoondary shaCIs being of minor importance. 

In some American fnctories one long belt is made (o mn the whole ronnd, from tap to bottom of 
tbe mill ; turning every main sbafl, passing wbtre noressary over carrier pidleys, and workiog its 
way to and fro. This is not a good pluD, as the belt is n-quin d to be of abnormal leD<;th ; and, 
having nil the stress upon it, it must bt; sulliciently wide u> take off nil the power. It is likuwixe more 
C'Slly (han necessary, besides possei^ing several other disadvantages. 

This arrangement is sbnwn in Fik- 275. A is tbe main driving pulley, from B to 12 feet in 
dinmtter. which is geared from and driven by tbe water wheel B; C is tbe buHcmont, D the caidiaf 
room, E the spinning room, F the weaving room, and G tlie drotsiug room. The lines of drums aud 
shafting, in the carding and weaving rooms, are shown by the letters a ioj ; 1, S, 3, and 4 are the 
binders or gaides, to lead or bind the belt in the rcquirtd du'ection. The lines of drums extend 



long, and from 12 to IS inches wide: and it wilt require from 600 to 700 lbs. of st 





one. They are undonbtedly bullcy, ponderous, and nnnmnagcahle ; and wbenevar » 
lacing brcks, to which accident belts are frequently liable, they are likely to mn Dearly or qoita 
off tbe drums : and tliis would cause the stoppage of the whole of the machinery, beaidca reqairinc 
the work of W)me sU or cislit men, for several hour*, to put tliem on again. 

The simi'lest and best mi thod of drivini; by belting, which is also the ohe«pest and the miMt 
darabln, Is to convey the power from the maiu driving shaft direct to each room by a separala 
strop ; and if more than One shaft lie required in any one of the rooms, to drivs it direct from tha 
oibcr by a aeparatu strap : apportioning the width of each belt to the power it i* required to traiumit, 
and wli'rro it is necosmrily short, allowing a little eitra width. 

In Hit. 276 this method of laving ont a mill Is shown aa applied to driving a mill of fonr itariea. 
In which two shafts are required in the bottom room : these may both be driven direet from tbe Bnt 
■trap, la the manner shown In the figure, a is the main driving shaft, and is driven dlreot from the 
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steam engine, or other motor, at the rate of 80 leTolntions a minnte ; 6 ia a strong well-balanoed 
drum, of 15 feet diameter and about 3 feet wide, keyed on te the shaft a, and having therefore a 
surface velocity of about 3770 feet a minute. The pulleys 6% ft*, 6*, and 6* are each about 3 feet in 
diameter and 6 inches wide, they are keyed to the respeotiTe shafts which they have to drive, and 
will, in this case, make about 2(N> revolutions a minute ; but their speed may, of course, be varied 
by eJtoring their diameter. But whatever else is done, the speed of the stnps must be kept up, 
for in this lies one of the great secrets of success in belt driving. The shaft A, if the power be 
steam, will be the engine crank shaft, and the drum upon it will act as a fly-wheel ; for, without 
bdng heavy, it will have great vis m'eo, by reason of its great speed. This pulley must be turned a 
little convex at the centre of the place where each strap comes upon it, and there must also be a flat 
space of about 3 or 4 inches between eaoh hump, to aa to admit of each belt being boxed up 
separately, in order to ensure ito running in its proper place. By these means, should any one of 
the belte break, it cannot in any way interfere with the others, as it runs in a separate box all 
the way up. 

Jjcngtk, — ^Having properly arranged and proportioned the main driving shafts and pulleys and 
arranged the machinery, the next Uiing to be done is to determine the lengths and widths of the 
aeveral belte required. 

To find the length and course of a belt, apply a tepe-line or string to the pulleys where the belt 
goes, and then measure the length of the stnng by a two-foot rule ; or make a drawing, full-size or 
to sode, and step dividers around the course of the belt. By means of such drawings the places 
Where the belt passes the floors, and the like, can be also found. When it is not convenient to 
measure with the tope-line the length re<^uired, the following rule will be found of service ; — Add the 
diameters of the two pulleys together, divide the result by 2, and multiply the quotient by 8| ; add 
the product to twice the distance between the centres of the shafts, which will give the length 
reqnued. 

To measure the length of a belt in coil ; — ^Let D = mean diameter of the roll in inches, d the 
mean diameter of the eye of roll in inches, and n the number of turns. 

Then the length L = (D -h dyn *1809 feet 

Widih, — ^The following rules for calculating the required width of leather belte are taken from 
Molesworth's Focket-Book ; — 

V = Velocity of belt in feet a minute. 
H.P. =: Horse-power — actual— transmitted by belt 
S = Strain on belt in lbs. 
W = Width of single belting — ^ in. thick — ^in inches. 
8 = * + Ax. 
W = 02 8. 

33000 H. P 

V. 

k = 1*1, 0-77, and 0*62, when the portion of the driven pulley embraced by the 

belt = *4, -5, '6, of the circumference respectively. 

« 

For double belting the width eouals W x '6. 
Approximate rule for single belting -^ inch thick ; — 

_^ 1100 H. P. 

W = y [a] 

** The formuliB given above apply to ordinary cases, but are inapplicable to oases in which very 
small puUeys are driven at high velocities, as in some wood-cutting machines, and fans. The acting 
area of the belt on the circumference of the driven pulley being so small, that either great tension 
or a greater breadth than that determined by the formula, is required to prevent the belt from 
slipping. 

** In snoh extreme cases of high-speed belts, find the breadth of the first-motion belt by the 
formula for ordinary belting above (a), then if — 

A = Acting area of first-motion belt. 
o = Velocity of first-motion belt 
a = Acting area of high-speed belt. 
V = Velocity of high-speed belt 
Ao 

<. = _. 

" The acting area of either belt = / x &. 

** Where / = length of circumference of driven pulley embraced by the belt ; and h = breadth of 
the belt, therefore;— 

h = j-in the case of the high-speed belt. 

*' If there is no firbt-motion belt exclusively for the machine it will be easy to suppose a 

case, firom which the breadth of the high-speed belt may be calculated. 

** Bule (a) is equal to 91 '6 square feet of belt a minute for each horse-power." 

Belte for driving wood-working machinery require to be wider in proportioft to the power 

required than for metal-worldng machines ; for, on account of their hain and dry surfaces, they 

possess much less driving power than the latter belts, which are kept soft and pliable by continual 

contact witii the oil. 

John Richards, in his practical * Treatise on Wood Machinery,' says ;— 

" The beltine for circular saws is, as a rule, too narrow, or upon pulleys of too small diameter. 
^ I 2 
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To drive a saw well, and without injorioua strain upon tho bearings, belts should be one-third the 
diameter of the saw in width, and the pulley equal m diameter to Uie width of the belt ; which is a 
yerj simple rule, and does not give any more than the needed driying force under fair conditions. 
One-fourth the diameter of the saw to be taken as the diameter of pulleys on cross-cutting spiadles. 
The breadth of the pulley faces to be once and a half the diameter. 

^ The convexity of pulleys, to keep belts central, should be sufficient for the purpose and 
no more, as any great degree of convexity interferes with the contact and tends to the deetruotiun 
of the belt, unless both pulleys have their faces the same, a thing impossible in the case of shifling 
belts. For pulleys of from 2 to 24 inches face, the convexity should be from one-eighth to one- 
sixteenth of an inch to the foot, gniduated inversely as the width of the faces ; for pulleys of nar- 
rower face, the convexity may be slightly increased. This is quite sufficient to govern the running 
of belts, and a necessity for more indicates a fault in the position of the shafting. 

^* For spindles having unusually high speeds, the writer has found belts of cotton webbing to Iw 
preferable. Such belts, if closely woven and of the best material, will, when waxed, be found to 
nave a high tractile power, and to wear well; while their comparatively light weight prevents their 
lifting from centrifugal force." 

The width of a belt varies in direct proportion to the power to be transmitted, and inversely as 
the speed ; and this width should, of oourse, be calculatea for the maxtnnm resistance to be over- 
come, and not for the average. If the power of a belt 18 inches wide be required, it will generally 
be found to be much better to put in two 9-inoh belts than one so wide ; owing to the inequalities 
in such large pieces of leather, unless they are very carefully selected and prepared, causing great 
loss of adhesion. 

Driving Power ofBeits, — ^The following facts relating, to the tmnsmission of power by belts are 
taken from Box's * Fraotical Treatise on Mill Gearing.' 

** Let A, Fig. 277, be a pulley fixed so as to be incapable of turning, and T t weights suspended 
by a belt £1, which passes round the pulley, and may be caused to embrace it 
more or less by a small guide-pulley D. Let now the weight T be increased 
until the friction of the belt is overcome, and it slips on tho pulley, the weight T 
descending. 

*♦ The ratio between T and t varies — 

^ l.-With the coefficient of friction of the material of the belt E, sliding on 
the material of the pulley A. 2.-With the proportion which the are of the pullej 
embraced, bears to the whole circumference of the pulley. 

** It is independent of the breadth of the belt, so long as T and t remain the 
same, but inasmuch as T and t, or the strain on the belt, may increase with the 
width, this must not be understood to mean that a narrow belt will drive as 
much as a wide one ; for, other things remaining the same, the strain, and there- 
fore the driving power, varies directly and simply as the breadth. 

** The ratio between T and t is also independent of the diameter of the pulley, 
other things remaining the same, thus, for instance, a strap which slips on a 
pulley 1 ft. in diameter, with a weight of 1 cwt. one side, and 2 cwt. at the 
other, would do the same on a pulley 10 ft. or any other diameter, the surfaces being similar. 

** This appears contrary to our instinctive notions, but is quite correct, as proved by experi- 
ment. But tills must not be understood to mean that a small pulley will carry as much power as u 
large one, for obviously, if both are set in motion, making the same number of revolutions per 
minute, the relative speeds of belt would be proportional to the diameters, and the power would vary 
in the same ratio. 

** From Morin's experiments the coefficients of friction are as follows ;— 

*47 for leather belts in ordinary working order on wooden pulleys. 
•28 „ „ „ „ cast iron „ 

*88 „ „ soft and moist ,, ,, „ 

*50 „ cords or ropes of hemp on wooden pulleys, 

** It appears from Morin*s experiments with cast-iron pulleys, that the driving power is tho 
same, whether they are turned or not, the adhesion Of the belt to the polished suinoe geneiating 
as much friction as with a rough surface. 

** If we take the case of a belt in ordinary working order on a oast-iron pulley, the coefficient of 
which is '28, and calculating for four cases in which the circumference is successively |, ^, f , and 
wholly embra(^, we find that while < = 1 in all cases, T becomes successively 1*553—24*1^3*77 

and 5*81. 

** The following table is calculated in this way, and gives throughout tho value of T when 1=1 
fur different kinds of surface of pulley and states of belt. Decimal parts of circumference of pulley 
are given instead of vulgar fraction as above. 

** When a rope is used, and it is wound more than once round the drum, the friotional power is 
enormous ; thus with a rough wooden pulley, and a rope 2-5 times round it with < = 1, T is 2575*3. 

** We have so far considered the pulleys as fixed ; we will now apply the foregoing facts to tho 
case of pulleys in motion. The mechanioal conditions of a driving pulley, with hidf its circum- 
ference embraced by the belt, are shown by Fig. 278, in which we have, as before, the pulley A and 
the weight T and < as in Fig. 277, where we found them to be respectively 1 and 2*41. But in thid 
case the pulley A being free to turn, the weights T and i being unequal, there would be no 
equilibrium without an additional weight at Q, and supposing the drum J io be of the same 
diameter as the pulley A, it is self-evident that the sum of Q and i must be equal to T ; therefore 
T-< = Q; or 2-41 -1*0 = 1-41 =Q. 
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Tablb BHowDra Batio op thb Strains on tub Belts or Dbitino Pullbtb, Q = T — i (Box). 



Ratio of the 
Arc em- 
braced bjr 
the Belt to 
the entire 
Circnm- 
feneooe. 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 
1-0 
1-5 
2-0 
2-5 





New Belts 

on Wooden 

PuUeys. 


BelfcB In ordinary state on 


On^k 


-B.lA— 


Ropes on Wooden Drums. 


t. 


Wooden 
PttUeyg. 


Gast-fron 
PulleyflL 


son ouiui 

on Caat«lron 

pQlleys. 


Roogh. 


Polished. 


T. 


Q. 


T. 


Q. 


T. 


Q. 


T, 


Q. 


T. 


Q. 


T. 


Q. 


1-87 


•87 


1^80 


•80 1-42 


•42 


1-61 


•61 


1*87 


•87 


1-51 


•51 




2-57 


1-57 


2-43 


1-43 1-69 


•69 


2-05 1-05 


2-57 


1-57 


1-86 


•86 




3-51 


2-51 


3-26 


2-26 2-02 


1-02 


2-60; 1-60 


3-51 


2-51 


2-29 


1-29 




4-81 


3-81 


4-38 


3-38 2-41 


1-41 


8-30;2'30 


4-81 


3-81 


2-82 


1-82 




6-59 


5-59 


5^88 


4-88 2-87 


1^87 


4-19' 3-19 


6-58 


5-58 


3-47 


2-47 




9-00 


8-00 


7-90 


6-90 3-43 2-43 


5-32, 4-32 


901 


8'01 


4-27 


3-27 


1 12-34|lP34'10-62 


9-62 4-09 3-09 


6-75' 5-76 


12-34 


11-34 


5-25 


4-25 


1 16^9015^90 14-27 


13-27, 4^87 3-87 


8-57i7-57 


16-90 


15-90 


6*46 


5-46 


1 23-14:2214!l9-16 


18-16 5-81 1 


4-81 


10-89 9-89 


23-90 


22-90 


7-95 


6-95 




















111-31 


110^31 


22-42 


21-42 




















535 • 47 


584^47 


63*23 


62-22 




















2575-80 


2574-30 


178-52 


177-52 



^* The mechanical power transmitted by the belt, suppoeing Q to be raised by a rope coiled around 
the drain as a hoist or windlass, is the diflference between T and t, and Q might be increased 
indefinitely, if we could increase T and t indefinitely in the normal proportion ; &ere is, however, 
a limit to which this can be done, namely, the cohesive strength of the strap by which the heaviest 
weight T is carried. Where leather is used we can obtain the requisite cohesive strength by 
increasing the width of the belt, or by malcing it a double or treble one, and this width must in all 
cases be proportional to T and not to ^ or Q. 

^ In Fig. 278 G may represent the engine shaft, H its omnk. and F the power which is equal to 
Q. It will be observed that the weight c, or pressure on the beariugs due to the tension on the two 
straps, and also the maximum tension T, is much greater than the power P or the weight Q. 

3Y8. 



379. 





G 



4> 



© 



G 




Cf' 



2-41 



"If the weight Qhad been 1*0, the maximum tension T would evidently have been -— 31*71, 



and the miuimum tension t have been 



1-0 



, ^, :=*71,andthuswoobtainthestrainas8howninFig.279. 
1-41 • 

this is the most useful form in which tlie question can be put, as we thus obtain the proportional 

maximum strain or width of belt for a unit of power at P. 

^ With a wooden pulley, the friction of the surfaces is greater, and the strains for the weight Q 

are different HerBfor<= 1 we find by the table above that T is 4 -38 and hence Q = 4-38-1 = 8-88. 

4'38 1 

For Q or F=l we should have T = 0755-= 1*29, audi = "5-55- = '29; so that with the same power 

P, a belt 1* 29-inch wide, on a wooden pulley, would do as well as one 1* 71-inch wide on a cast- 
iron one. 
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" In the case of a pulley of cast iron with ^^ of the one embraced, the table shows that T = 1 '42, 

1*42 1 

and t being 1-0, Q will be 1 -42 - 1-0 = '42. For Q = 1 we have T = —^ = 3*38, and t = --- 

= 2-38. 

** With a crossed belt on cast-iron pulleys the arc embraced being ^^ths of the circumferonoe, 

3*43 
we have T = 3-43, by table e = 1, and Q = 2*43 ; andhence with Q = 1 we obtain T = ^7^ = 

1-41. and I =i^=.41. 

'* Comparing all the cased presented it will be seen that with the same engine power, the breadth 
of belt would be in the ratio 171, 1-29, 3*38. and 1-41." 

The annexed table shows the results of a series of experiments which were made for the purpose 
of ascertaining the facts governing the transmission of power by means of belts and pulleys. The 
apparatus used consisted of cast-iron pulleys of 12 and 24 in. in diameter, having ^ghtly 
rounded and smoothly turned faces, and with their axes fixed in a horizontal position. Over these 
pulleys belts of various widths were laid, and to their pendant ends certain equal weights were 
attached ; weights were then gradually added to one side until a perceptible motion occurred, when 
the whole was noted. 



Dia- 
meter of 
Pulley 



Incbea. 
12 
24 
12 
12 
24 
12 
24 
12 
24 
36 



Material of 
Belt. 



Thick- 

neasof 

Brit 



Width 
of BelL 



Leather 



inches. 



»» 



»» 



inches. 
1 
1 
2 



Weight on ; Weight ' 
Platfonn, onHoolc, r^^.i^^ 
including indud- ^ *'"»»<>»» 
Platform ' ing 
and Parts. Hook. 



» 
»» 


♦» 


2 


»» 


»» 


2 


♦» 


w 


3 


»» 


»i 


3 


Rubber 


3-ply 


2 


i> 


n 


2 


n 


n 


4 



inches. 
150 
150 
151 
800 
150 
150 
300 
190 
369 
372 



of Belt. 



Amoont 
of Ad- 
hesion. 



Proportion 

existing 

between 

Tension 

and 

AdbestoD. 



Rejcakk^i. 



lbs. 


lbs. 


lbs. 




60 


200 


100 


2:1 


50 


200 


100 


2:1 


50 


201 


101 


2:1 


100 


400 


200 


2:1 


50 


200 


100 


2:1 


50 


200 


100 


2:1 


100 


406 


206 


2:1 


50 


240 


140 


12:7 


100 


469 


269 


23: 13 J 


100 


472 


272 


59:34 



1 The same belt in both 
/ cases, old, but good. 

Old lathe belt, sticky. 

Old belt, in good order. 



»« 



t» 



♦» n »» 

Results doubtful. 
Old belt, in good onler. 



n 



n 



» 
n 



From the above table it will be seen that the adhesion of any open belt is directly as the tension, 
and not as the surface in contact ; for the same results invariably attended the same tension, 
whether the belt was double the width, or the pulley double the diameter, or both. From this it 
follows that if we wish to increase the adhesion, or driving power of any belt, without increasing it^ 
width, or the strain upon the shafts and journals, we must increase the angle of contact between it 
and the surface of the pulley. Now the greatest possible angle for an open belt, without a carrier 
or tightener, is 180^, aa upon either the driving or driven pulley this cannot be exceeded ; but for 
crossed, carried, or tightened belts, the angle may be as large as 270°. 

The following table gives the power transmitted by belts of various widths, running on pulleys 
one foot in diameter, at a speed of one revolution a minute , and making various arcd of contact 
with the pulleys. 



Widtli 






Arcs of Contact of B.'lts upon Pulleys corresponding to 


the Angles. 






01 
llolL 


90^. 


100^. 


110° 


120°. 


135° 


160°. 


I800 


2100. 1 


Hifi. ' 


270^. 


inches. 


foot-lbs. 


f.X>t-IbA. 


foot-lbs. 


fuot-lbs. 


foot lbs. 


foot-lbs. 


foot-lbs 


foo(-lU. ' 


foot-lba. 


fboclbo. 


1 


102 


109 


116 


123 


132 


140 


154 


165 


174 


181 


2 


203 


219 


233 


246 


264 


280 


308 


330 


848 


361 


3 


305 


328 


349 


369 


396 


420 


462 


495 


521 


542 


4 


406 


437 


, 466 


492 


528 


560 


616 


660 ' 


695 


72S 


5 


508 


547 


582 


615 


660 


701 


770 


825 


869 1 


901 


6 


609 


656 


699 


738 


792 


841 


924 


990 


1043 : 


1084 


7 


711 


766 


815 


861 


924 


982 


1078 


1155 


1217 1 


1265 


8. 


813 


875 


932 


985 


1056 


1122 


1232 


1320 


1391 


1446 


9 


914 


981 


1048 


1108 


1188 


1262 


1386 


1485 


1564 > 


1626 


10 


1016 


1094 


, 1165 


1231 


1321 


1402 


1540 


1650 


1738 I 


1807 


11 


1118 


1203 


1282 


1354 


1451 


1543 


1694 


1815 


1912 


1990 


12 


1 1219 


1312 


i:j98 


1477 


1586 


1683 


1848 


1980 


2086 


2171 


14 


1422 


1531 


1613 


1723 


1850 


1963 


2156 


2310 


2434 


2633 


16 


1626 


1759 


1864 


1970 


2114 


2214 


2464 


2640 


2781 


2894 


18 


, 1829 


1968 


, 2097 


2216 


2379 


2524 


2772 


2970 


3029 


8356 


20 


> 2032 


2187 


2.^0 


2462 


2643 


1 2805 


8080 


8300 


3477 


8618 


24 


' 2438 


2624 


2796 


2951 


3161 


:-j:w6 


3696 


■ 8960 


■ 4171 


4342 


30 


3018 


3280 


3395 


3693 


3964 


4207 

1 


4620 


4950 

1 


5215 


M27 



BELTS AND BELTING. 119 

To make nse of this taUe to calculate the drivinff power of any belt, when the width and angle 
of contact of the belt, and the diameter and number of revolutions a minute of the pulley are 
known ; find in the table, the number which stands under the given angle of contact and opposite the 
width of the belt, and this number multiplied by the diameter of the pulley in feet, and tiie product 
by the number of revolutiona a minute, will give the power transmitted by the belt in foot pounds. 
For instance, a belt 6 in. wide running over a pulley 3 ft. in diameter at the rate of 200 
revolutions a minute, and having an angular contact of 210®; will transmit a force of 990 x 3 x 
200 = 594,000 foot-pounds, or 18 horse-power. And a 1-inch belt running on a 1-foot pulley at the 
rate of 215 revolutions a minute, the angle of contact being 180°, gives ab^ut one horse-power. 

Comparison of Single and Double Belts. — When it is required to increase the power of any belt, it 
will generally be found much better to increase its width than the thickness ; for with a double 
belt, the extra tensile strength obtained is counterbalanced by its want of contact with the pulleys, 
and the extra power required to bend it owing to its want of pliability. 

When bent round the circumference of a wheel, the outer parts of the belt are distended, and 
the inner parts relaxed ; and, supposing the section of the belt to be rectangular, the amount of 
force expended in making these changes will be proportional, directly to its breadth and the square 
of its thickness, and inversely to the diameter of the wheel. Hence if two belts be of like sti-eneth, 
but the one broad and thin, the other narrow and thick, the amounts of force expended in bending 
them must be proportional directly to their thicknesses, and hence the advantage of using broad, 
thin belts. 

From these considerations it will be seen that the practice of strengthening belts by riveting, or 
sewing on, an additional layer must be exceedingly objectionable ; indeed, it is difficult to see how 
any additional strength is gained ; for the outer layer must be tight when on the wheel, and slack 
when free, so that, in reality, the strength of only one layer can be available. The parts of the 
compound belts are puckered and opened alternately, as evinced by the crackling noise. 

In all places where a high rate of speed is required, single belts will be found to be much more 
serviceable than double or treble belts ; it being much better, for the reasons olready pointed out, 
to increase the width than the thickness, when more power is required. When, however, it is 
required to transmit great power at a low velocity, double or treble belts may often be k mployed with 
great advantage. These belts are generally prepared in the following manner ; — The two or three 
thicknesses of leather are first cemented together, and are afterwards sewn throughout their entire 
length, either with strong, well-waxed hemp, or with thin strips of hide prepared with alum ; the 
latter being generally employed for this purpose in the North of England, but its advantages over 
good, waxed hemp are very aoubtful. 

An improvement on the ordinary double bolting has been introiluced by Hepburn and Sons, of 
Southwark, who have given much attention to this branch of leather manufacture. This improve- 
ment consists in the use of a corrugated strip of prepared, un tanned hide for the outer layer of the 
belt, and the usuol tanned leather for the inner layer ; the two being riveted together by machineiy. 
The rivets are made of copper or of malleable iron, and have their ends spread, bent, and driven in 
flush with the surfaces of tiie layers. Metallic sewing of this kind is much more durable than 
ordinary hand sewing ; and it has been applied to double belting made entirely of tanned leather 
with equally good results. 

Wide Belts. — The ordinary method of making two or more ply belts is shown in Fig. 280. 
Piecea of the required width are cut from the centres of the hides, the ends ujq spliced, and on 
this one layer otners are built up to the required thickness, the lengths in each layer breaking 
joint, crosswise of the belt, with those below it ; the width of each layer being, of course, in one 
piece. This brings the back centre, or firmest part of the leather, marked B C in the figure, into 
the centre of the belt, the edges being composed of the side portions of the hide, S E, which are 
yielding in comparison with the middle. 

This method of construction possesses three great disadvantages ; — All the pulleys being more 
or le^a convex on their ftEkccs, and the middle of the belt being firm and not conforming to this 
convexity, while the edges are of comparatively loose fibre, the consequence is that the edges of 
the belt will not bind down to the edges of the pulley, and after running a short time tliey will 
stretch more than the centre, owing to their loose 
fibre, and the abeence of that lateral support which 280. 

the central portions have. Thus only a portion of ^^ 

the width of the belt is effective ; and, consequently, *' 

much less power is trommitted by it than would be 
the case if the whole of its surface contact were 
available. 

The centre, or tight portion of the belt, having to 
bear the greater pert of the strain, and the other 
parts not relieving it, it will, as a natural conse- 
quence, give out proportionately sooner than it would ' j* *__,_,, ._£j^__ ^ ^ ii'iii i itum' m j-i 

do if the strain were equalized. j p:g;;^^s^si ^mims':i;^fsi^S^^l^SSM^K^^h*^ 

Owing to the shape of the animal, the part of 32 " '■* 

the hide over the backbone often presents a series jsi. 

of full or humpy plact s, which are of so hard and 
stubborn a nature that it is very difficult, and often 

ImpoBsible, to work them perfectly fiat in the whole hide ; and, as a consequence, the oel»i"g» 
when made, possesses a rough, uneven surface along its centre, which prevents it laying flat to 
the pulleys, and produces a corresponding loss of its adhesion or driving power. v j <• 

To overcome the above disadvantages, Alexander Brothers have introduced a method or con- 
structing wide belts which they thus describe ;— , , , , « ^.^ * i 

'* In making wide bilts, cut the hides along Iho middle, turn the back edges, B iu, outward. 
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and the side edges, S E, inwards, inserting a side centre-piece, B C, bo as to break joint widthwuc, 
afi shown in Fig. 281. 

" In three-ply belts the same method is carried ont, in the manner shown in Fig. 282 ; but there 
are Tarioua other arrangements of the pieces which can be used advantageously iu certain o^bb^ 

" Tlie edge portions of the belt being of firm, solid, and unyielding leather, and the middle 
portions of leatlier of looser fibre and more yielding 
ti-xture, it is evident that, after running a short time, 
the middle will give to the higher part of the pulley, 
and the edges will not only bind down, but will also 
afford that lateral support which will prevent the 
middle stretching as much as it otherwise would, 
and thus giving an even bearing the whole breadth 

of the belt, and consequently the greatest amount of pulley contact When the middle of the 
belt becomes stretched, and allows the edge portions to bed themselves down to the pulley, the 
working strain will be distributed over the entire width, thus preventing wear on any port alonei 
Gutting down the middle of the hide enables the currier to work out any uneven or full places, 
tlie surplus being cut away in straightening. For belts of 16 to 18 in., or wider, no other plan of 
muking can approach the above arrangement for effectiveness and durability." 

As examples of the extent to which the manu&cture and employment of largo belts is carried 
in the Unit^ States, we introduce the following particulars ; — 

At the New Jersej^ Zinc Company's Works, at Newark, N. J., there is a quadruple leather belt 
of unusually large dimensions. It is 102 ft. long, 4 ft wide, and weighs 1220 Ibe. The outside 
layer consists of two widths, the second and fourth layers of three widths, and the third layer of 
four widths, all the layers being riveted and glued together ; and the end joints of the pieces 
forming the several layers are lapped, to give the greatest tensional strength to the whole. This 
belt runs on an engine-band wheel 24 ft. in diameter, having a straight face of smooth turned iron 
4 ft. wide, and over a driven pulley of 7 ft. diameter, situate on the line-shaft, the centre of which 
lies 5 ft. above the centre or the engine-shaft. This belt has been in use for upwards of three 
years ; and during that time it has given no trouble, even when doing its heaviest work. 

A double belt of oedc-tanned leather, 186 ft 6 in. in length, 60 in. wide, and weighing 2212 lbs., 
was exhibited at the Philadelphia Centennial Exhibition by Hoyt & Co., of New York. This belt 
was made for the Augustine Mill of Jessup & Moore, paper manufisusturers, of Wilmington, Del.^ 
and is believed to be capable of transmitting 600 horse-power. 

Another belt exhibited by Jewell & Sons, of Hartford, was described by the mannfaoturers aa 
the heaviest belt, compared surface for surface, in the exlubition. This belt was 147 ft 6 in. in 
length, 36 in. wide, and weighed 1130 lbs., or upwards of 2*57 lbs. a square foot 

Nearly all the rolling-mills in Pittsburg are driven by belts of 20 in. in breadth and upwards. 

Sj)ecial Arrangements and Methods of Drivinj by Means of Belts, — When pulleys of very unequal 
diameters are connected by a belt, the surface contact with the smaller pulley will be so small that 
the belt will require to be very tightly stretched in order to transmit its full power ; and, naturally, 
the closer the pulleys are together, the more will this be the case. Besides this strain upon the belt, 
there will also be an extra strain and wear upon the shafts and pulleys, caused by the increased 
iightness of the belt 

To obviate this strain in the case of their small centrifugal pumps, Gwynne ft Co. have adopted 
the arrangement shown in Fig. 283. In these pumps the power is transmitted from the pulley <i, 
on the horse-gear to the riggers b of the pump, the relative diameters of the two pulleys being 
about six to one, and the distance between them only 4 or 5 in. The belt therefore acts on only a 
very small portion of the rigger, and consequently requires to be very tightly stretched, and so 
exerts a very heavy strain upon the bearings. To relieve this strain, the friction wheel c is placed 
between the puUey a and the rigger b in such a position as to touch both in a line connecting their 
centres. Thu wheel, revolving freely on its fixed axis, receives the whole of the strain exerted by 
the belt The lace of this wheel is recessed in its centre so as to bear on the others at the edges 
only. 

To obtain a high speed from a driving belt without the usual arrangement of counter shafts 
and belt-pulleys between the main driving-shaft and the machine to be driven, and without 
the disadvantage of passing the belt over a small pulley, a small grooved pulley, p. Fig. 2M, is 
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keyed on the shaft to which the high velocity Is to be communicated, and upon it is placed a loose 
inflexible ring, r, of two or three times the diameter of the pulley, grooved internally to fit it, and 
turnetl up smoothly on the ouUide to receive Uie driving belt The belt gives motion to the speed 
rin^, the inner grooved surface of which communicates a higher speed to the pulley. The speed 
ring is hoM in effective driving contjict simply by the tension of the belt For obtaining increased 
lateral stoadmess at very high speeds, a double speed ring may be used if required. By thoue 
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arrangements a belt may be paBsed over a speed-ring of 16 in. diameter, and yet oommnnicate tbe 
same speed to the shaft as if it were passed over a pulley of only 4 in. diameter. Enlarging the 
diameter of the speed ring will permit the driving piuley ef to be placed nearer the driven wheel p 
without altering its velocity, and will also increase the adliesiou and driving power of the belt. 

In Fiff. 285 is shown a method of obtaining a high rate of speed, by means of a belt and pnlleys, 
which ia known as Parker's patent belting. In this arrangement the axis of the auxiliary pulley 
B revolves in the ends of the arms E, which are join'ted to the arms D at H, the other ends of li 
tuniing on the shaft of the pulley A. These levers, £ and D, constitute a toggle by means of 
which the belt F F is forced into contact with the driving pulley A. The endless band F F passes 
round the pnlleys B and C ; but instead of passing round the driver A, as in the ordinary way, it 
is forced against its periphery only, between the points of contact of the pulley B and 0, by means 
of the toggle £ D, as described above. The diameter of the pulley A to that of G may be in the 
pnrportion of 30, 40, or even of 50 to 1 ; but the auxiliary pulley B must be of such a diameter as 
will prerent contact of the belt at G. All of these pulleys must have perfectly straight and smooth 
surfaces. The belt must be made of well-stretched leather, of perfectly even thickness and texture 
throughout ; and the joints must be permanent, and of the bame thio^ess as the belt The surface 
of C may be covered with leather, in order to increase the adhesion between it and the belt. To 
insure the perfect working of this combination, it is necessary that great care should be exercised, 
in ord^ that all its parts may be fitted with absolute exacUiess. This arrangement has been 
Bucceeafnlly employed for driving small circular saws by hand power. 
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In Fig. 286 is shown Hitchcock's " Traction Gear," for obtaining rapid motion by means of a 
belt and pulleys. The advantage claimed for this arrangement by i£ inventor is, that the power is 
so distributed around the shaft to be driven that the tendency to displace the shaft on one side is 
oounterlKilanred by the pressure on the other. It consists, as shown, of three pulleys so placed 
that the driving pulley A touches the driven pulley C, the two being forced into close contact by 
means of the auxiliary pulley B, over which the l>elt is tightly drawn from the pulley A. All of 
these pnlleys should oe straight on the face, and have their faces in the same straight line, and 
their axes in the same plane ; the fieuses of A and B may be covered with leather. It will be seen, 
on looking at the figure, that the belt and pulleys A and B all tend to promote rotary motion in 
the pulley G ; and as the relative diameters of the pulleys A and C may vary greatly, a rapid 
increase of speed mayl>e produced by this arrangement, while, at the some time, the belt passes 
i^eely and with full driving force over comparatively large pulleys, the pulley B being made of any 
diameter desired. 

Another arrangement for obtaining a high speed in a shaft directly from the driving pulley, 
without the aid of intermediate counter pnlleys, and with reduced lateral strain on the bearings of 
the driven shaft, is known as Weaver's belting. This arrangement is shown in Fig& 287 and 288. 
A, B, and G are three shafts parallel to each other. A and G carry straight-faced pulleys, upon 
which run two belts of equal length and width, which are separated in order to prevent contact 
while ranning. The lower fold of the belt D is carried over the shaft B, and the upper fold of belt 
£ is carried under B ; and each belt in running imparts motion to the driven shait in the same 
direction, while, at the same time, each counterbalances the lateral pressure of the other. A is the 
driving-shaft and pulley of large diameter ; B the driven shaft of comparatively small diameter ; 
and G a counter shaft and pulley of any convenient diameter, which is placed in position to carry 
and return the belts, and which is so arranged that it may be moved to or from B, and fastened at 
any distance, by screw adjustment or otherwise, so as to secure the proper tension of the belts. 

In Fig. 289 is shown a simple means of increasing the driving power of a belt^ without altering 
the size of the pulleys, which has frequently been applied to the driving gear or foot-lathes. An 
auxiliary pulley, B, is fixed to the lathe-bed in such a manner that it may be moved backwards and 
forwards, so as to allow of the band being run in grooves of different diameters on A and G, thus 
altering the speed of G, while that of A remains constant The position of this auxiliary, or 
tightening, pulley should be such that the bands, or cords, may be kept from coming in contact at 
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their points of crossing. It will be seen, by referring to the figure, that this arrangement depends 
for its success upon the well-known fact that the power of any belt, or cord, is, with pulleys whose 
diameters are in a certain fixed relation to each other, increased in proportion as the surface of the 
pulley in contact with the belt becomes greater ; and it is evident from an inspection of the figure 
that, by varying the diameter of the pulley B, and by increasing or diminishing its distance from 
the centres of A and C, a greater or less proportion of the surfaces of these latter pulleys may be 
brought into contact with the band, the length of the latter being, of course, varied to Sfuit the 
altered circumstances of the case. 

A system which is much in use for transmitting power by means of hempen cords, or round gut 
belts of small dimensions, is shown in Figs. 290 and 291. It consists of two multigrooved wheels, 
A and G, which form the driving and driven wheels of the svstem, into the grooyes of which is 
wound a single endless cord, E, in such a manner that the cord, in leaving the last groove of A, is 
deflected across and above the other cords, and delivered in a line with the first g^roove in G, by 
means of the adjustable single-grooved sheaves B and B'. The bearings of these sheaves are 
secured to rods, and fixed parallel with the cords, in such a manner that they can be easily 
slipped to any desired position to take up the slack of tlie cord. It is evident that with this 
arrangement the adhesion of the cord, and consequently its driving power, increases in durect pro- 
portion to the number of grooves in the pulleys A and G. The grooves in these pulleys should bo 
of an angular, in preference to a circular, section. In Fig. 291 the lowest cord has ueen accidentally 
omitted. 
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A very simple method of .imparting motion to two or more pulleys, situate on different sliafts 
and at different levels, by means of one driving pulley, is shown in Fig. 292. The driving pulley 
A and the driven pulley B are connected by the belt D in the ordinary manner ; over this belt 
runs a second belt, E, which connects the pulleys A and G, The belts, running on top of each 
other at A, increase the adhesion sufl9ciently to drive both B and G. This arrangement will be 
found convenient, and ali»o economical, for driving lines of shafting situate in different stories from 
the prime mover below. 

The following curious performance of a pair of belts is described by J. 8. Lever, of Phila- 
delphia ;— " The driving pulley a. Fig. 293, on the engine-shaft is 5 ft in diameter, and runs 75 
revolutions a minute. The driven pulley 6 on the line shaft is 3 ft. diameter, and about 20 ft. 
distant, in a line near 45° with the horizontal. Both pulleys are wooden drums covered with 
leather, and have sufl9cient breadth of face for two 12 in. belts. When this arrangement was 
started, two 12-in. single leather belts were put on side by side, and for some time were run in that 
way, but never satisfactorily. After many fruitless efforts to obtain a imiform action of the two 
belts, one accidentally mounted the other, the two running thenceforth as one belt In this way 
they drove the line shaft better tlian ever before. Manv experiments were tried in the relative 
tightness of the two belts, which invariably proved that the best driving was always secured when 
the inside belt d was very slack, sagging, say, 12 to 18 in., and the outside belt c quite tight, the 
working bides, of course, running close to each other, as shown in the figure." 

QtuirUr-Tum Belts, — The following descriptions of the various arrangements for drivine by 
means of the quarter-turn belt are taken from Gooper's treatise on belting, to which we have heen 
indebted for much valuable information ; — 

** When two shafts are at, or nearly at, right angles with each other, and not in the same plana, 
and it is desired to drive one from the other by two pulleys only and a connecting belt eiperience 
has proved that certain conditions are necessary. In the first place, the distance oetween tbe near 
faces of the pulleys must not be less than four times the width of the belt. Tlie pulleys A and 
B should be so placed that. the belt will lead from the face of one to the centre of the ftioe of the 
other <- that is, so that a plane passing through the centre of the face of one pulley will be tangont 
to that part of the face of the other from which the belt is ruuning. 
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u 5?. ^\^ are dwwn the position and proper proportions rofened to ;— 
# i/v * ®^P^?^u ' ??? ^^^^ ^^ ^^* deflects, should have a wider face than B, in the proportion 
of 10 to 6, and should be more rounding on the &Ge than id nsnal : and the pnlleys shooldbe as 
small as may be to do the work, and should be of nearly equal sixe. 

I* About 25 per cent of belt contact is lost when the belt makes a quarter turn, even when the 
pjjJleys are of tiie same Mie. We haye noticed in the performance of a leather belt that the fint 

So . JSl Ti^*xF^^l^^ f'T^^l ^ '." *>* ordinary straight belt arrangement ; but in the second 
90°. about l»lf the width of the belt is foroed from contact with the pulley by the strain in the 

*? *i!*°/?/ i^\^^ **"? ***?*y *?.'*» imperfect elasticity, and primarily to the oblique deflecUon 
of the fold which is leaving the pulley. 
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** With a belt perfectly elastic, the same amount of contact, if not more, can be obtained as with 
an open belt, since the belt would adhere to the face of the pulley up to the line of departure the 
same in one case aa in the other/* 

In Figs. 295 and 296 is an arrangement of the quarter-twist belt, applied to driving mill- 
stones or upright shafts, in which the belt runs on three pulleys. *' A is the driving pulley on a 
horizontal shaft ; B the driven pulley on a mill-spindle or upright shaft ; G the tightener or guide 
pulley, which is placed at the proper angle for receiving the oelt from B and delivei ing it to A. It 
lias a short shaft, running in Deartn<r8 secured to a frame which slides vertically in fixed groovoH, 
and may be raised to tighten the belt for driving, or lowered to slacken the belt for stopping, B, at 
pleasure. B is made wide and straight on the face to admit of motion in raising and lowering the 
stones, as well as to allow of lead of belt by the different positions of G, which are due to length 
and tightness of belt. A and G should be rounding on their faces. The figures show the proi>or 
positions of the pulleys and shafts, and also g^ve good working proportions, the partioulars having 
oeen obtained from machinery in use ; but the motion of the belt, as shown, should bo reversed. 

** This arrangement of quaiier-twist belt, with intermediate guide pulley, will permit of verv 
short distance between the driving and driven shafts. A case in practice may be cited, in whion 
the driving pullev is 40 in., the driven pulley 18 in., and the guide pulley 16 in. in diameter. All 
of them are 8-in. &ce; and the shafts are 4 ft. 7 in. from centre to centre, vertically. I'hiN diHtanoo 
might be even less without injury to the belt. In the erection of this arrangement it was found 
necessary to set the face of the driven pulley 1 in. back of the centre of the face of the driving 
pulley, and to give the axis of the guide pulley an inclination of 30^ to the horizontal line. 

'* For shafts at right angles but not in the same plane, the belt running on four pulleys. Let R, 
Figs. 297 and 298, be the driving shaft with tight pulley A, and loose pulley B, and F the driven shaft, 
with tight pulley D, and loose pulley G ; all the pulleys of same size, and with rounded faces in tho 
fumal way. Let the pulleys be arranged in a square on the plan, whose Hide is the diameter of 
pulleys at centre of face, and let an endless belt be put on, as shown, and run In tho direction of tho 
arrow. It will be noticed that the loose pulleys G and B run in opposite directions from that of ttitt 
shafts on which they turn ; but since they carry the slack fold of the bolt, they are relieved of heavy 
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strain on the thatle, Tbia iengood pIuD for iridebvlte when the ahafti are npropet distance apar^ 
bb; ten times tho breiullh of the belt, and Bolves the sometimes diffiouJt prablem of carrying cod- 
Biderable puwer around u oomer b; a belt There is no luas of contact of the belt un any of the 
pulli-ya of this system, and no lateral straining and tearing of the fibrea of the belt, aa in the usuul 
quarti^r-twist arrangement, in which only two pDlIeya are used. The lower shaft may drive the 
uppt-r ODe, as well, by changing the direction of motion, ot changing the relative puaitions of the 
tight uDil louse pulleys. 

"la Figs. 299 and 300, A is the driving pnlley on a horizontal main line shaft; B the driven 
pulley on a mill-spindle or upright shaft: C, a tightener on a shaft parallel to the DBtin shaft, with 
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bearings in a frame, which, with the pulley can be raisod or lowered when required to start or rtop 
the [lulley B : D, a guide pulley on a vtrticto shaft runnine in fixed bearings. Tho oourae of the 
belt is indicated by the arrows. Tliia plnn may be resorted to when the pulley A cannot be plooeil 
on the main st^aft in a position to receive the belt directly from B,aa in tlie case shown in f^ga. £95 
and 21*6. 

"Fij^ .Wl and 302 3M. 

show the usual method of 
trniiamitting power to 
shafts which sro at or 
near right angles with 
the driver, and Figs. 303 
and 304 show an exten- 
sion of this method to < 
driving two snch shafla 
from one. Let A be the 
driving pulley on the 
main shaft, F H ; D and 
E driven pulleys on the 

counters, at ri^t angles »•«. 

to tho main. Place two 
upright shafts, each with 
a looae pulley, so that its 
face will be opposite tho 
middle of the Swe of A, 
onu to the right end one 
tu Ibu left 1 over thene pnsa 
a belt as shown in the 
cats. The belt will mn 
i-ilher way in both. In 
Figs. 303 and 304 it will 
be observed thai the driv- 
ing fueo of the belt ij 
cliBnKi.-d between the two 
piillrvi, D and t\ which 
nmy fi- uvoidi'l bygiviiiK 
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this part, whieh we think, however, would injure the belt more than I7 
I didin of the same. Odlnrs CI and O are plaoed over tho pulleys B and C, and wo haTO 
»titi'mary flani.'.ii J and J to llio uprights under the pulleys introdncvil by Wm. Bellen A 
ilel(,biB, Thld device, whether applied to vertical or boriKinta] pulleys, is in erery w»y 
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superior io flangcB fast to palleys which tend to lift the edfi^es of the belts and turn them oyer. On 
the other hand, when the belts strike stationary flanges, they are thrown back on tlie pulley faces 
again, except, perhaps, in the case of soft, flabby belts, which are liable to curl at the edges and 
roll up. 

** What cannot be done with the preceding methods of arranging the quarter-twist belt may be 
done by the guide pulley devices shown in Figs. 305 and 806, in which the yertioal cylindrical staff 
A is seoored by a flange J, and a brace G to an overhead timber A, or other fixture. Upon Uiis 
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staff are placed two liubs F, held by set screws in any position, and each formed with a flat face, 
to which a flanged bracket C is bolted. The upper bolt D is utilized as an axia, about which tbo 
hneket can turn, and the lower bolt E, in a slot, permits the turning, and holds tlie bracket at the 
inclination required by the belt In Uie centre of each flange G is secured a pin, I, upon wiiich 
the pullers B turn. The facility with which these pulleys may have their axes inclined to 
acoommooate the angle of a belt passing from a smaller to a larger pulley, from a higher to a lower 
shaft, and crossing to the opposite faces of pulleys, favours the employment of this combination, 
which has an all but universal adjustment, in many places where the previously described arrange- 
ments will not serve at all. A case which occurred in practice of belting two shafts, set at riglit 
angles, one above the other, having pulleys of different diameters which were to run in opposite 
directions, and all of them lying close to one another, was disposed of successfully by the use of 
mechanism exactly like that in Figs. 305 and 
806, and this, with that shown in Figs. 801 and 
802, are methods employed at the People's 
Works, Philadelphia, ror belt driving around 
oomers, and in confined places. 

** Two shafts at any angle with each other may 
he effectively driven by two bells, each having 
leas than a one-eighth twist, and each running on 
two puUeys, by placing a counter shaft above or 
below and across the main lines at or near equal 
angles to the main line shafts." 

Holes for Quarter-turn Belt, — ^* Draw on a level 
floor, with chalk-line and tram, two full-size 
views of the pulleys and position of the fioor 
through which belts are to pass; or lay them 
down on paper to a convenient scale, obser^'ing 
that that fold of the belt which leaves the face of 
one pulley must approach the centre of tiie face 
of the other in a line at right angles to the axis 
of the latter. Completing the figures as shown 
in Figs. 307 and 808, the points of intersection a, 
6, c and d, will indicate the places in the fioor 
E F where the centres of both folds of the belt 
will pass when drawn tightly and at rest. The 

obliquity of the opening can be best obtained by trial of tape line or narrow belt applied to the 
pulley fiRoe in position, passing through small trial holes in the floor. Allowance in the hole should 
oe made for the sag of slack fold of l^lt. This is the usual shop method." 
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BaKd Linh. — Where teiuioD Klone and sot thrnrt ia to aot along a link, it msy be flexible, and 
lliajt oomut either of a single band ot of &a endleea band passing tniiDd a pair of piille;B which 
turn roand axes traversing and moving nitb the coDneela] points. Foreiamplo. inVig. 309, A U 
the axis of a rotating shaft, B that of a cranb pin, C the other onnnected poiat, and BC the line of 
connection ; and the connection is effected by means of an endloas band pa«inR round a pulley 
which iacentered upon 0, and roaod (he crank-pin itself, which acts aaanolher pulk'f. Tba puUeyt 
are, of course, secondary piaees, and the motion of each of them belongs to the subject of aggrpgale 
combinations, beiag compounded of the motion whii'h they have along with the line of counection 
B C, and of their respective rotations relatively to that line as thoir line of centres : but the motioa 
of the poinls 6andc is the some as if fc c were a rigid link, provided that forces act which keep the 
band alflfays in a state of tension. This combiaation is used in order to leosen the friclion, st oi 



u often of leather, 





■It for Ciidiwi Sbaft-Jnuraab.—hn Inge 
io placing an endless belt of loose, water-absi 
may be, and allowing the lower bight to n~ 
veiiient distance below the shaft. Coulini 
friclion as it ia produced, without spilling oi 



In Fig. 310 is shown a substitute for the artangemeat given in Fig. 309 ; in this an M««nlric 
takes the place of the crank, thus allowing a straight sh^ to be used. When the ec(«ntririly 
equals the radiua of the crank, the result is the same, but experiment baa proved, in the cftse 
of the eocentiio used in the tre&dle arrangement of the latter, that the motion lacks freedom, the 
treadle moving heavily. 

~ " " "' " ' '" ' ~ '""BniouB and simple method of cooling a journal consist* 

sorbing texture on the shaft, as near the heated part as 

* vld water, which maybe held in a vessel at aoon- 

:iDtact of the liquid baod carries away the hast of 

, - , i c> <r splattenug uf water on and sbout the machinery.aiid 

without contact of the labricant in the journal boxes. This method has bei-n very successfully 
applied to the sliafls of the rolls of calico printing presses. 

Varietieioflhlting. — t'llgr-laid Btlli. — In Fig. 311 is shown a method of constructing, or building 
Up, a broad, tliick belt, which is said to givo much better rosnita than wide, thiek belling made in 
tiie ordinary way by sowing two or morBtbick- 
nesBoa together ; asitgivesa perfectly equal and 
even texture throughout, and the belt is also 
aliku on both sides. In making this variety of 
belting, the hide is cut np into strips of the same 
width as the in tended tliickiiess of the belt; and 
along the centre of theae strips, boles about 
S in. in dinuieler and t in. aput are puucbei). ' 
Through these holts wire nails are passed in 
the manner shown in the flgnre, their length 
being rather greater than half the width of Iba 
belt. After all tbe strips have been built upon 
the nails, the ends of the latter are turned down 
and driven into the leather ; thus nuiking a firm 
strap without any kind of ocmeiit or splicing. 
When it is required, for any ronson, to shorten 
a strap of this kind, it is only necessan to take 
it apart at the step line DDof the splice, and after having ci 
strap the length desired, to joia up again with wi 
be suffleiontly long to pais tlirough the whole wid 

JlvuiKl iMin.—linajtd bells cut off less light, oocapy leas room, make smaller holea in the floors, 
•nd requite lighter driving pulleys to carry them, and thus save power. In running round belts of 
enl-giit or iietnp the croovcH in pulleys should be made with a tnangiilar, or V aeouon, so that the 
bi'lt Inuehei the pulley in two lines only, tangential to the sides of the groove : in tliis oase lh« 
frlelimi of the bond, and consequently its driving power, increases in proporllon to the deomweof 
llin anEle of the xmnve. The best form of groove is one in which the section mnesponds somewhat 
to llui?<>rinora(lolhicarDh, that i* nf a Irianglo with curved sidea, w shown Id Vig. RIS. 
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Uiller'iinnindbeltaor cords are mode bfBc&rflng the edges of a broad belt, and then rolling it up 
lenstlini^, not Bpitall;, but in a hoiizooUl fold, bo tu to turm a perrectl)' round tube, with a very 
■m^l centra! bore: the edges being of oonrse united iu a permanent manner. From a numb^ 
of eiperimanta made vith this belling it »a« prored that tno }-in. round belt is more tbm equal 
to a l-iu. flat ; and the j in. ronnd more than equal to a 3-in. flat. The eoonomy of spaoe and 
materiuls, and the diminuhed frictioa in shafb and jonmBla,«liioh may thiube obtained by tbe use 
ofrannd belt*, are points of great importance to tlie nunufuctarer. 



In Pigs. 313 and 314 issbomiaoombiQed fast and loose pulley for round belts, invented by John 
Sliinn, of Pliiladelphia. The round belt / fits in a groove formed between two half-puUeyi. of 
which A' is fixed and A slides apon a fixed key on the shaft B ; between A' and A, and running 
Irioeely on the shaft, is a fiat-faced pulley C; when A ia separated from A' a short distBnoe, the belt 
/ will cease to turn them, and will run on and turn instead. Tlie belt drives tlie shaft B only 
when pinched between the half grooves of A' and A, The lever D, when moved in the direction 
indicaled by the arrow, withdraws the half sheave A, and permits the belt to run on the looso 
pulley. Simple and efficient means fur holding the puts together, and drawing one half from the 
other, are ahown in the figures. 

Hoyl i Co.'a Angular Beltiag.—ThU consists of a belt of a trapeioidal form, to bo used in oon- 
nectioQ withaV-shapcdorangnlar-gtooved pulley. The angular bolt has a greater gnrface brought 
into contact with the pulley than with any other kind. It will wedge itself into tbe groove and 
resist any slipping action during the rotation of tbe palley, so that the more strain put on one 




aide of the belt the tighter will it be held in the groove ; not r 
being liable lo slip on the pulley, it may be used very loose, 
eannng less friotinn, and giving it certainty and regularity of 
motim. These belts have been used with success when other 
bands have failed entirely to impart motion to machinery. 
They are made without a joint in their length; and when 
the width requires mure than one thickness of leather the 
belt is connected, then riveted or screwed, so that the baten- 
iug will not come in contact with the pulley. 

Underaooit AngtUar Belting, Figs. 315 and Z\f, consists 
of a anmber of narrow leather bands, laid a-top of one 
another, lapping; and breaking the joints, in order to secure 
tbe greatest oambined atrongth. To the under side of Ihia 
-impound band are fastened si lort piles of leather, of equal 



caatinaoua, the five pieeee K and shorter pieces I, inter- 
posing, are held together by the rivets F ; all are shaped (o the angle ODE, which is the oorrect 
angle of gioore (br the wheels. The length of tbe blocks K is made as short a> 
permit, in order to inoreaso the sur&ce of oontaet while bending ir 
pieoea I are made shorter to give more flexibility t~ "■- ' — •" 
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separated by a narrow epaoe. The elasticity of the leather ia suffioient to allow of the neooBsary 
bending of the foor united bands without injury to the fibre, as it is not intended to use this belt 
over p^leys of small diameter. The four bands J thus constituting the * wrapping connector ' and 
tensional strength of this system, while the blocks K form the Motional wedges, so to speak, and the 
sloping edges of all in the angle of the groove contribute to the great adhesive power possessed by 
this dnving belt. The ends of this belt are joined bv bevelling the oppdsite faces of the part J 
for 18 in. or 20 in. of its length, and then uniting the whole by bolts having washers and nuts at F, 
and with heads inside, similar in size and position to the rivets ; or the separate strands may be 
joined, the .top one say at O, the next one at P, and in no case having more than one joint between 
any pair of rivets. 20 in. of tMs belt, 2^ in. wide, weighs 2 lbs. ; 21 in. of the 3-in. belt weighs 
8 lbs. The width being measured across M K. 

The driving capacity of this kind of belt is evidenced by those used in the N. H. 
and N. T. Bailroad shops at New Haven, Conn., where a 22-in. double leather belt, weigh in <; 
2§ lbs. a square foot, running on pulleys of 6 ft. and 4 ft. diameter, and 16| ft. distant 
between centres of pullpys, with a quarter twist, and slipping under a load of 75 to 80 horse-power, 
with noise that could be heard 1^ miles away, was replaced by two 2i io. angular belts, on 
V-grooved wheels of the same diameters. After sixteen months of running, one of the angle belts 
was removed ; this, of course, put all the work on the remaining one, and this one carried the whole 
load with apparent ease. Afterwards one-third more work was done by thi4 belt without slipping, 
visible stzaining, or injury. 

Rubber Belts, — Bubber belts sliould possess a smooth, polished face ; and, as a rule, the brighter 
the poUsh of the face of these belts the better will be their working condition. Before starting % 
rubber belt the dust should be brushed off its face, and if it begin to polish there will not be any 
trouble with it. In sugar refineries, and in all places where they are subject to the combine<t 
influence of heat and moisture, rubber belts are said to answer much better than those made 
of leather ; and also when used as elevators. Generally, however, under the same circumstances, 
and on the same machines, these bands will not last or wear as long as leather ; for, when once they 
begin to give out, it is next to impossible to repair them. Leather belts, on the other hand, are 
easily repaired, and when of no further value as belts they can be sold for other purposes. Wide 
belts cannot be cut up into narrow ones, as leather can be. Neither can they be used for cross or half- 
cross belts, for shifting belts, cone-pulleys, or for any place where belts are liable to slip, as friction 
soon destroys them ; a few moments of ouick motion or friction often causing the gum to roll off the 
canvas in such quantities as to completely spoil the band. During freezing weather, if moisture find 
its way into Uie seams, or between the dificrent layers of cinvas composing these bands, and become 
frozen, the layers will be torn apart and the band spoiled ; or if a pulley become frosty the parts of 
the band in contact with it will oe torn off from the canvas and left on Uie pulley. 

The following is a description of the indiarubber belting manufactured by the New York Belting 
Company, at Newtown, Conn. ; — ^This belting is made of heavy cotton duck, of a uniform and non- 
elastic character, woven specially for the purpose, with the warp much stronger than the filling ; it 
weighs 2 lbs. per yard, and is cut by machinery into strips of a perfectly regular width. Single 
strips of this duck will bear a tensile strain of 200 lb& per inch of width. This belting is vulcanised 
between layers of a metallic alloy ; by which process the stretch is entirely taken out, the surface 
made perfectly smooth, and the substance thoroughly and evenly vulcanized. It is manufiMstured 
by a process by which unusual firmness and solidity are obtained, thereby obviating some objections 
heretofore urged against indiarubber belting made in the old way. It hias a smooth and even sur^ 
face. It seldom requires tightening more than once. It will always run straight r will stand heat 
of 800^ Fahr. without being affected, and the severest cold will not stiffen it or diminish its plia- 
bility; is much stronger than leather, and more durable. It can constantly be run in wet places or 
exposed to the weather without injury. A 5-ply rubber belt, 12 in. wide, as now mannfactured, is 
considered equal to a double leather belt of the same width. 

The comparative adhesion of vulcanized gum and leather belts to the surfaoee of pulleys is a 
question of great interest to manufacturers ; and in order to satisfiactorily decide the point, a series 
of experiments were made by J. H. Chcerer, the results of which are here given : — 

*' The apparatus consisted of three equal size iron pulleys, with faces turned in the usual w^iy 
and secured to a horizontal shaft also fixed. One of these pulleys was used without covering, one 
was covered with leather, and one with vulcanized gum. In the first set of experiments a leather 
belt was used of good quality, 3 in. wide and 7 ft. long, with 32 lbs. weight attached to each 
end, and the belt thus prepared was laid on the iron face pulley. Additional weights were then 
attached to one end of the belt until it began to slip, which was in this case found to be 48 lbs. 
When this weighted belt was placed on the leather-covered pulley it required a weight of (H lbs. to 
slip it ; and when on the gum-covered pulley it required 128 lbs. to slip it. In the second sit 
of experiments, a 3-ply vulcanized-gum belt of the same width, length, and thickness was used, and 
to each end was attached the same weight as in the other case. To cause this belt to slip on the 
iron-face pulley required 90 lbs. additional weight ; on the leathered-covcred pulley, 128 lbs. ; and 
on the vmcanized-gum covered pulley, 183 lbs. In the third set of ex{)eriments, the shaft with all 
the pulleys secured thereto was permitted to turn freely in its bcirings. One end of the belt was 
fantened to the framework of the apparatus, and to the other end was attached a wtight of 32 lbs, 
as before. A rope was wound several times around one of the pulleys, with one end made fast to 
the rim, and the other allowed to hang freely downwards; to this end weights were att<u'hc«l 
sufficient to produce rotation of the shaft Tiie results were the some, rt>quiring in effect tlie same 
amount of weight on the end of the rope to rotate the puUi-ys under tlie belt as it did on one end of 
the belt to slip the belt over the pulleys. 

** Rubber belts should be cut threc-bixtoenths of an inch short for every foot of length requireiL 
After running, say, for three weeks, take up the slaek and they will never again require shortening. 
To fasten the ends of narrow belts, make two holes in each, put the ends together, and onite 
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by stripa of lacing leather in the way tisaal with leather belts. To secure the ends of wide belts, 
lap the joint evenly on the outside with a piece of sqnare gum or leather, equal in width to 
the belt, and rivet, sew, or lace the same firmly to each end of the belt If belts should slip, from 
dost or other causes, they should be slightly moistened on the pulley side with boiled Unseed oil, 
making several applications if necessary. Animal oils must never be used, and bolts should be pro- 
tected, while running, from contact with 8nch oils. tShould the rubber, from lon^ use or other 
cause, be worn from the surface of the belt, give it a coat or two of Kad paint, contaming sufficient 
japan to dry quickly. For belts which are shifted, put rolls on the shifter bars with axes inclined 
towards each other at top and bottom, according to circumstances, which has the effect to press the 
fisces of the belts, and relieve the edges from wear. By this plan belts are more easily shifted than 
by the usual method, and the liability to iniure the edges entirely prevented. Use large-headed 
bolts or rivets for securing elevator buckets. 

In rubber belts laoed, as shown in Fig. 257, the tearing of the holes began at one-third of the 

'• breaking strain. After being subject to a strain of one-fourth, for twentv-four hours, they tore on 

a slight addition being made to the weight. Under a strain of one-eighth they showCil no signs of 

fracture at the end of a week. Eyeletting the holes brought the standing point up to that of leather 

belting, the clinching of the metal on the cotton fibre, or filling, reducing the tendency to tear. 

Beitmg of Intestines, — In America a variety of belting is made from the entrails of sheep, which 
average some 55 feet in length. They are thorou£:hly cleaned, and subjected for some days 
to the action of brine, and are then wound upon bobbins, after which the process is the same 
as making common rope. If a flat belt is required a loom is employed, and the strands are woven 
together. A f-inch rope thus made will stand a strain of 7 tons, and is guaranteed to last ten 
years ; the best hemp rope of same thickness has a life of about three years. 
Paper BeUing, — ^The following is a description of Crane's Paper Belting: — 
'*The belts are manufactured from pure Imen stock, and can be made of any desired thickness, 
width, and length, but are recommended only for straight and unshifted belts, none being made 
leas than 5 inches wide. They will not stretch nor change shape, and being made all in one piece, 
of even thickness, will run smoothly and straight. They adhere to the pulleys very closely, and 
generate no electricity while running. They are quite flexible, and do not crack in passing over 
pulleys even as small as 6 inches in diameter. They are not affected by heat at ordinary tempera- 
tures, nor by dust or oil, but will not run in water ; being verv tough, they answer for elevator 
belts, holding the bolts well and running in a direct line without swinging from side to bide. 
Compounds similar to those used for stuffing leather belts, or black lead mixed with sperm oil, 
are very good to apply to these belts when dry and slipping. 

" In lacmg narrow paper belts butt the two ends to^^ether, and make two rows of holes in each 
end, as shown in Fig. 317, thus obtaining a double hold, and lace ^ 

with lacing leather. For wide belts, where extra strength is re- 
quired, rivet pieces equal in length to width of belt on back of 
each end, and make the connection with lucing as before. This 
belting should, in all cases, be put on by the use of clamps, 
secured firmly to each end of the belt, and dniwn together oy 
bolts running parallel with and outside the edge of the belt, 
making no allowance for stretch. Wide belts, in dry places, 
can best be connected with Wilson's belt hooks, riveting down 
the teeth, thus making a connection that will not wear out. 

Steel Belts, — The employment of steel belts has been recommended as an experiment worth 
trying ; and the fact that, in the case of a band saw, the power is transmitted by friction on tho 
lower pulley, as high as 15 horse- power being in some cases effectively transmitted by such a saw, 
is a proof of the entire adaptability of steel to belting purposes. The tensile strength of low steel is 
such, that it is calculated that a belt of this material, 1 ft. wide and -^^ in. thick, could, with a 
safe working strain, the same in proportion to actual strength as that which id allowed in ordinary 
belts, tmnsmit 900 horse-power. Bo far as ability to^bear tension is concerned this is certainly 
enough and to spare. 

Cotton Belting, — ^This is made of the best cotton folded and sewn together, after being saturated 
with a composition, to prevent the action of the atmosphere affecting the material. A butt joint, 
as Fig. 317, is most suitable for cotton belting* Oil paint applied to the pulley while running will 
prevent cotton belts from slipping. 

Belts or bands of sheet-iron have already been tried, on several occasions, with very satisfactory 
results ; as an example we quote the following, by John Spiers, of Worcester, Mass. ; — 

^ A lathe used for turning roUing-mill rolls, compound geared, has a 4SUin. pulley on it ; this 
is driven by an 18-in. pullev on the counter-shaft, which makes 120 revolutions a minute, and 
is 8 ft. from the 48 in. pulley, centre to centre. Both pulleys are of iron, with smooth turned 
faces. A 7-in. double leather belt wss used on these pulley.^, but would slip when the turning tool 
became dull. This belt was replaced by one made of Russia sheet-iron, the same as Ubcd for stove- 
pipes and parlour stoves, and was riveted together in the ordinary way; it was 7 in. wide, and was 
2 in. longer than the leather belt. This extra length making up for a want of elasticity in the iron. 
During one year's steady run this iron belt could not be slipped, even when a heavy 'cut' on a 
25-in. roll was taken, wliich broke a * Sanderson ' steel tool having a section of 2 x 2^ in., a 
cutting surface of 2^ in., a feed of \ in. a revolution, and an overhang of 4 in." 

Books on 5<r/6VK/.— Welch (E. J. C), * Designing Belt Gearing,' 18mo, 1875. Box (T.), * Practical 
Treatise on Mili Gearing,' crown 8vo, 1877. Cooper (T.), • Treatise on the Use of Belting,' 8vo, 1878. 
BLASTING. 

The operations involved in blasting are very simple. They consist in boring suitable holes 
in the rock to be dislodged, in inserting a quantity oi some explosive compound into the farther 
end of thee holes, in filling up the remaining portion of tho holes with suitable material, and in 
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exploding the cbargo. These operetionB are known respoctiyely as boring, cbaiging, tamping, 
and firing. 

Before, however, the mode of conducting these operations can be nnderstood from deacription, 
it is neoesHary to have an accurate and a complete knowledge of the nature, form, and construclion 
of ttie tools, machines, and otiier appliances used. For though tlicse are all of an exceedingly 
simple character, they potujess features roquirinc: attention. Machine rock-drills will be considered 
in another article. In the present, attention will be confined to Uie best methods of applying these 
drills. 

Of the tools used in rock boring, the drill, or borer, is the chief. The form shown in Fig. 318 
is thut of the common jumper. It consists of a wronght-iron rod terminating at each end in 
a steeled chi«<el edge, and having a swell, technically described as the bead, between the extremitica 
V) give weight to the tool. Tlie bead divides the jumper into two unequal 
portions, each of which constitutes a chisel bit, with its shank or stock. The 
shorter btock is used while the hole is shallow, and the longer one to continue 
it to a greater depth. With the jumper, the blow is obtained from the direct 
impact of the fulling tool. The nio<ie of using the instrument is to lift it 
with both hands to a height of nbout a foot, and then to let it drop. In 
lifting the jum|)er care is takm to turn it partially round that the cutting 
e<lge may not fall twice in the snme place. By this means the edge is made 
to 0{H*rute most favourably in chipping away the rock, and the hole is kept 
fairly circulur. 

Bo long as the holes are required to be bored vertically downwards, the 
jumi)er is a convenient and very efficient tool ; and hence in open quarrying 
operations it is very commonly emploved. In the Welsh slate quarries it is 
in general use. But in mining the shot holes are more often required to be 
bored in some other direction, or, as it is termed, at an angle ; that is, at an 
angle with the vertical. Or it may happen that a shot-hole is required to 
be bored vertically upwsrd. It is apparent that in any one of these direc- 
tions the jumper is useless. To meet the requirements of such cases, recourse 
is had to the hammer wherewith to deliver the blow, and the drill is C(>n- 
alruoted to be used with the hammer. A suitable form of tool for application 
in this manner is obtained by cutting out the bead of the jumper, ana leaving 
the ends flat for a striking face, as sliown in Figs. 319, 320. The form of 
the two chisels thus obtained is that adopted for the ordinary rock drill. 

It will be understood from the foregoing description that a rock drill con- 
sists of the chisel edgt* or bit, the stock, and the striking face. Formerly 
drills were made, as jumpers are still, of wrought iron, and steeled at each 
end to fiirm the bit and the striking face. Now tliey ore commonly made of 
cast steel throughout. The advantages afibrded by steel btocks are nume- 
rous. The superior solidity of that material jrenders it capable of trans- 
mitting the force of a blow more effectually than iron. Being stronger 
than the latter material, a smaller diameter of stock, and, consequently, 
a less weight, are sufficient. This cironmstance tends to give greater eflfect 
to the blow by diminishing the mass through which it is transmitted. On 
the other hand, a steel stock is more easily broken than one of iron. 
Usually the stock is octagonal in section ; in length it varies from 20 in. 
to 42 in. The sliorter the stock the more efi*ectively does it transmit the force of the blow ; 
therefore it is made as short as possible. For this rea.^n, several lengths are employed in 
l)oring a shot-hole, the shorU.>st being used at the commencement of the hole, a longer one tooontinuo 
tlio depth, and a still longer one, sometimes, to com- 
plete it. To ensure the fret^ working of the longer 
drills, the width of the bit is slightly roduccil in etioli 
lengtli. Also to enable the tool to free itself readily 
in the iHire-holo, and to avoid intrmlucingunneoes&ary 
weii;ht into the stock, the bit is made wider than the 
latter. The diflert»nce in width varies from ^ in. in 
drills to be usimI in hard rock, to 1 in. in tliose to be 
ustsl in coal. It is evident that the liability to frac- 
ture inert«UM«s with the ditVerence in width. The edge 
mny 1)0 struiuht oi slightly curve<l. The straight 
<m1i;»' r»it« its way somewhat more fnely than the 
curved : but It is weaker than tho latt4'r nt the comers, a circumstance that renders it le«8 suitable 
tor very ban! nx'k. Figs. :i21 to :i'J3 show tlie straight and the curved bits, and the an^lea of the 
euttini: nlgt»s. The folhnving pro()ortions nn» the average adopted for the width of the bit ; — 
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The sttikm;: faoe oi the drill si ould Iv ll.it. The iliametor of the face is le« Uian that of the 
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amoimt of redactioo is greater for the largest diameters ; that of the strikiDg face being rarely more 
than seren-eighthB of an inch. 

The tempering of drills is a matter reqnhring careful attention. Upon this the satisfactory 
ffogreaa of the work of excavation oftesi hurgely depends. The degree of temper is to be determined 
y the qoality of the steel, and by the character of the work to be performed. The larger the pro- 
portion of carbon present in the metal the lower most be the temper. The state of the blanted edges, 
whether battered or fraotared, will indicate what degree of hardness it is desirable to produce. 
The selection of the proper colour is a subject for the ezerolM of judgment on the part of the smith. 
Straw colour is generally the most suitable when the boring is in very hard rock, and a light-blue 
when the rock is only of moderate hsjdness. 

Drills, aa we have already said, are used in sets of different lengths. The sets may be intended 
for use by one man, or by two. In the former case they are described as single-hand sets, and they 
contain a hammer for striking the drills ; in tlie latter case, the sets are spoken of as double-lianded, 
and they contain a sledge instead of a hunmer for striking. 

The distinction between a hammer and a sledge is founded upon dimensions only : the hammer, 
being intended for use in one hand, is made comparatively light, and is burnished with a short 
handle, while the sledge, being intended for use in both hands, is furnished with a much longer 
handle, and ia made heavier. The striking face of a blasting hammer, or sledge, is made flat, to 
enable the striker to deliyer a direct blow with 324. sae. 838. 

certainty upon the head of the drill ; and to , ^ _^„^, ^ ^^_^ 33^ 

facilitate the directing of the blow, as well as 
to increase its effect, the mass of metal of which 
the head is composed is concentrated within 
a short length. It is well to chamfer or 
berel down the edges of the striking face to 
cause the sledge to fly off from the head of 
the drill in the case of a false blow being 
struck, and therefar to prevent it from desoen£ 
ing upon the hand of the man wl;o holds the /P^ 
drill. The head of a sledge is of iron : it con- \b=a 
sirts of a pierced central portion called the 
eye, and two shanks or stumps, the st<^eled ends 
of which form the striking faces or panes. 
The form of the head varies in different locali- 
ties. A very common one is shown in Figs. 324, 
325, and is known as the bully pattern. By 
increasing the width at the eye, we obtain tlie 
broad bully, the former being called, for the 
sake of distinction, the narrow bully. Another 
common form is the pointing pattern, shown in 
Figs. 326, 327. The weight of a sledge head 
may vary from 5 lb. to 10 lb. ; a common and 
convenient weight is 7 lb. The length of the 
handle or helve varies from 20 in. to 80 in. ; a 
common length is 24 in. The average weight 
of hammer heada is about 3 lb., and the 
average length of the helve 10 in. 

Other tools bebides the drill and the hommcr 
are needeil in preparing the hole for the charge 
of explosive. When the bore-hule is inclined 

downwards, the rock debris or bore-meal made by the drill remains in the bottom 
of the hole, where it is converted into mud or sludge by the water there present. 
This sludge has to be removed as the work progresses to keep the rock exposed 
to the action of the drill. For this purpose a simple tool, called a scraj^r, is 
used. It consists of a rod of iron from } in. to | in. in diameter, and of sumrient 
length to reach to the bottom of the bore-hole. One end of the rod is flattened 
out on the anvil, made circular in form, and then turned up a right angle to the 
stem. The disc tiius formed must be less in diameter than the bore-hole, to allow 
it to pass easily down. When inserted in the hole, the scraper is turned round while it 
is being pressed to the bottom ; on withdrawing the instrument, the sludge is brought up upon the 
disc 'J'he operation, two or three times repeated, is sufficient to clear tlie bore-hole. The other 
end of the scraper is often made to terminate in a ring for convenience in handling, as in Fig:). 
823, 329. Instead of the ring, however, at one end, a disc may be made at each end, the discs in 
this case being of different diameters to render the scraper suitable for use in different size bore- 
holes. Sometimes the scraper is made to terminate in a spiral hook or drag-twist, as it is called. 
The use of the drag is to thoroughly cleanse the hole before inserting the charge. A wisp of hay is 
pushed down the hole, and the drag end of the scraper is introduced after it, and turned round till 
it has become firmly entangled. The withdrawal of the hay by means of the drag wipes the bore- 
hole clear. Instead of the drag, the loop is frequently employed. This is a loop or eye through 
which a piece of rag or tow is passed. The rag or tow is used for the same purpose as the hay, 
namely, to thoroughly cleanse and diy the bore-hole previously to the insertion of the charge. 

When the bore hole has received its charge of explosive, and the fuse has been laid to the latter, 
it has to be tamped, that is, the portion above the charge has to be filled up with some suitable 
substance. For th's purpose a tumping iron, rammer, or stemmer, as the iubtrument is variously 
called, is required. This instrument is shown in Figs. 330, 331. It consists of metal bar, the tamping 
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end of which is grooved to receive the fuse lying against the side of the bore-hole. The other end 
is flat) to afford a pressing surface for the tiand, or a striking face for the hammer when the latter is 
needed. To prevent the danger of accidental ignition from sparks caused by the friction of the metal 
against silicious substances, the use of iron stemmers is prohibited by law. They are usually made 
of copper, or of phosphor-bronze, the latter substance being more resisting than the former. 

Another tool, which should, however, be considered as an extra or auxiliary instrument, rather 
than as an essential part of a blasting set, is the claying iron or bull. Its use is to force clay into 
the interstices in the bore hole for the purpose of shutting back the water in very wet ground. It 
consists of a round bar of iron, called the stock or shaft, a little less in diameter than the bore-hole, 
and a thicker portion, called the head or pole, terminating in a striking face. The lower end of the 
shaft is pointed to enable it to penetrate the clay, and the head is pierced by a hole about 1 in. in 
diameter. Clay in a plastic state having been put into the bore-hole, the bull is inserted and driven 
down by blows with a sleclgo. As the shaft forces its way down, the clay is driven into the joints 
and crevices of the rock on all sides. To withdraw the bull, a bar of iron is put through the eye, 
and used as a lever to turn it round to loosen it ,* the rod is then taken in both hands, and the bull 
lifted out. A slight tA^er is given to the shaft to allow it to be extracted more easily. 

It is desirable to describe here the drills or borer-bits used with machines, since they can hardly 
be treated of in an article devoted to the consideration of the latter, and their furm and dimensions 
are^ matters of great practical importance. The dimensions are determined mainly by two con- 
ditious, namely, the necessity for sufficient strength in the shank or stock of the tool, and that for 
sufficient space between the shank and the sides of the hole to allow the rock d^ris to escape readily. 
It has been found by experience that these conditions are best fulfilled when the distance between 
the sides of the hole and the shank of the tool is from -^ in. to | in. The form of the cuttine 
edge is determined by several conditions. That first adopted was the chisel edge given to the hand 
drill. Later, to increase the useful effect of the blow, the edge was doubled, the bit being formed 
of two chisel eilges intersecting each other at right angles. This bit, which from its form was called 
the cross bit, w^qs found to penetrate the rock more rapidly than the straight or chisel bit. At the 
commencement of the hole, the gain in speed was very marked ; but it diminished gradually as the 
boring progressed, owing to the difficulty with which the debris escaped. To remedy this defect, 
the cutting edges were next made to cross each other obliquely, so as to form the letter X. In this 
way, the two chisel edges were retained, while the breadth of the bit was considerably reduced. 
This form, described as the X bit, cleared the hole much more effectively than the cross, but not in 
a manner that was altogether satisfactory. Another modification of the form was therefore made, 
and this time that of the Z was adopted, the upper and the lower portions of which were arcs of 
circles, struck from the centre of the bit in tlie direction contrary to that of the rotation. Thist form 
of tool, which is known as the Z bit, readily cleared itself of the rock dc'bris. lint besides this 
advantHge, it was found to possess others of an important character. In the chisel-edge forms, the 
comers of the bit were rapidly worn off by friction against the sides of the bore-hole. In the Z 
form, this wearing no longer occurred, by reason of the large surface exposed to friction. Another 
advantage of the Z form lies in its tendency to bore the hole truly circular. Generally, then, it may 
be stated that this form satisfies most fully the deter- 
mining conditions. The form of bit. however, that is 
most suitable in any given case will be determined by 
particular circumstances. Of these, the nature and the 
character of the rock will operate roost powerfully to in- 
fluence the choice. Thus tne cross bit will generally be 
found to be the most suitable in fissured rock, while the 
single chisel edge may be used with advantage in rock 
of a very solid and hard character. Indeed, on the judi- 
cious selection of the most suitable form of cutting 
edge, the success of machine boring largelv dependn. 
The forms of bit described are shown in Figs.'332 to 339. 
As in the case of hand-boring, each successive length of 
drill must diminish slightly in the width of its cutting 
edge ; a diminution of about -^ in. may be considered 
to be sufficient. Care should, however, be taken to ensure 
the proper dimensions being given to the edge ; and to this end, it will be found advantageous to 
haye at hand an accurate gauge, through which the tool may be passed previously to its being fixed 
to the machine. It is important also that the tool be truly centred ; that is, the centres of the edge 
of the bit, of the shank, and of the piston rod should be perfectly coincident 

The foregoing descriptions relate to the tools employed in boring the shot-holes. It remains to 
treat briefly of tho^e appliances which are used in filing the charges, after those have been placed 
in the lioles. The means employed for exploding the charges are of two kinJs; in one kind, rom- 
bustion is made to take place slowly, in order to allow time for the men to make good their retn'at 
from the s])ot; in the other, the firing materud is acted upon at a distance. The former means 
consists generally of a train of gunpowder, so placed that ignition of the grains moat necessarily be 
gradual and slow. The latter means is electricity acting upon a snitablo substance. 

The old, and in some parts still employed, mode of constructing a slow train was as follows; — 
An iron rod of small diameter and terminating in a point, called a pricker, was inserted into the 
charge, and left in the bore-hole while the tamping was being rammed down. When this opt ration 
was complete, the pricker was withdrawn, leaving a hole through the tamping down into the charge. 
Into this hole a straw, quill, or other like hollow su1>stanoe, filled with gunpowder was inserted. A 
piece of slow match, usually touch-paper, affixe<l to tho upper end of this train, served to light it 
The combustion of the powder confined in tho straw fired the charge, the time allowed by tho slow 
burning of the match being sufficient to enable the man who ignited it to retire to a place of safety. 
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A tat moto eCBoient mooni of firing is the BBfety fuse invented by W. liickruTd. TliUfiiBo, Bliown 
full aiie in Fig. 340, consiata of b fleiiMe oorJ composed of a otntrol mro of fliio gun|ioviler, rar- 
roun:)<!(l bj lienipcn jsroa tniited up into a tube csIImI tiie onunlcring. An onter casing is mado 
oTdifiereBt materials, such M tape, tlin^d, or gnttapercbo, acco^li^g to tbe circumstaaces under 
wh<cli it ia intendnl to bo used. A central touch thread, or, in some oases, two threads, passvs 
tliiongh the coro of the gunpowder. Tbe details of Iho manufactiire have already been given in 
a rormer article of this Dretiontirj. Safelj fuse, which in eitcmal appcareiice nsembles 
a pi«ae of plain cord, is fairly ocrlain in its action ; it nrny bo used, witli equiil facility, S'l. 
in holes boTf.'d in any direction &nd is capable of withstanding coiuidcrable presdnre 
without receiving injury ; it may bo used withoat apociel meuna of protection in wot 
ground, and it mny be transported from place t« plnoe wilhout risk of daningo. In 
using thLi fuse, a suffinirnt lenjith is cut off to reach from thu cluirgD to a dislance uf 
about 2 in., or farther if requirMl, beyond tbe mouth of the aliot-bole. One end is then 
untwisted a little to loosen the train, and inserted int<i tbe charge to a depth of abmit 
half an inch. The fuse beiug held against tbe sides of the bore-hole with the olliel 
end projecting bevond it, the tamping ia put in, aod the projecting end of tlie fuse 
slightly loosened, like the other end. Tbe match ia applied directly to this part. Tbe 
rate of burning is about 30 ia a minute, Befcty fuse is usually sold in ojEIs of 24 ft. 
in length. 

The appIicKlion of elect i icily to the igniii^ti of char(^ in rock blasling ofiurB 
numerous and very great advautages. Tliesc advantages are of two ktU'ls, namely, those 
due lo the si uiul tan tons dischargeof tbe b1ai9tii,and tliobo which follow from the Dalure 
of the means uf ignition. Simultanooiis firing lataena tlie total amount of work la 
be done by the explosive agents employed. Aa an illustration, suppose a free mck 
fuco A B, Fig. 311, behind which are three abol-holes a be. If u be fiied fiiHt, tlio 
lines of Capture will run in tbe directions a m, >i n, and a wedge-shaped piece, a ma 
will be blown out. Tbe snbeoquent Bring of b will cause the lines of fmcture to run 
in tbe direction bo, bp, and will force out a trapciioidal block fro np, leaving a boas 
a bo, and the explowou of the shot c will subseiiiieutly, and in like manner, by causing 
the lines of fracture cq, cr, bring out the block t' q jir, and leave the boss cbq. But 
if these three shuts be fired simultaneonsly, the lines of fracture will run in the 
directions a in, c r,ac. In this case, (he lines of fracture are much shorter than in tlio 
preceilin^; there is, therefore, less worklobedono,audoansequently a smaller quantity 
of eiplooive will be required. Tliua there is an aiivautago on tlie Bid« of eoonomv 
obteineJ from the simulLaneoua firing, and it is evideut that this advanbigo will 
increase in importance with the number of shots fired together. But ilwill be observed 
that this aitnultaneoiia firing leavea no projeoUuna or bosses, the face being brought 
away comparatively clean and smooth. Tliia is another advantage of no small import- 
ance. Also by firing the sbota at one inslaut, there ia a saving of time, whicli in many casos may 
be uf some importance. 

Of the advantages whioh fullow from tbe nnturoof tbe means of ignition employed, the groatest 
U, perhaps, tbe inereased safety of those engaged in the blasting opuratiana. iTie fuses in the 
■cvMBl shot boles having been connected togelhor, and put into the circuit fonned by the leading 
and the return wires, the men retire 

for the bLists lo be fired, and the ex- 3„. 

plosion cannot take plaoe until they have 
withdrawn to the place of refuge pro- 
vided. Withsafety fusesit isotherwise. 
Tbe fuse ui ignited in the presence of 
at least one man, and the burning con- 
tinues during the time that he is hasten- 
ing Bway. Should tlie fuse, or oue 
portion of it, prove difective and mn, 

rapidly — the chargeman is exposed to 
great danger ; but with the electric 
fnse. the blaat is Bred at the precise 
moment dcairod.whenit has been asoci- 
li.ined that all are nnder shelter. It will . 
need but littto reflection (o see that this 

condilion bone which is highly conducive to tho safety of those employed. But the majority of acci- 
dents in blasting oredne to missed shots, or rather to shots that are erroneously supposed lo h.ivo 
missed. Not nnfrequeotlythecontinuily of the gunpowder train inapleceof safety fuse is iulermpted, 
and tho burning ceases at that point. But in suchaoase tbe covering will smoulder like louoh-paper 
until it has Hgainstorted tie train beyond the poiulof interruption, Thnopeiators.believi'-g the shot 
lo havo missed, retom bD tbe working face, only to be blown to pieces by tho uuejpcctcd eiplusion 
of the charge. Against this danger electricity affords perfect security, for if a shot fails to explode 
nlicn the current in scot tUrougti the circuit, by no possible cbanoe can it explode atVimanls. Thug 
the advantagi's on tbe side of safety are greatly in favour of electrical firing. But there is also a 
notable gain of speed due to the same cause. From fifteen to twenty minutes are allowed to cla^ise 
bcfure the men return tu a missed aboL Mow, though hang-Sres and miss-Ares, due to defective 
manufacture, ore not ot very frequent occurrence when fuses of good quality are useil, muaflrcs 
occasioned by the fuse being severed by the explosion of an luljncent shot are, in close lipadlnga and 
sliafta, overy-dav events. Uy waiting llio proscribctl time, much delay is ocfusioned. This delay ia 
entirely Avoided by tho use of olectrtcity, for then tho missed shot niuy be approuchcd at once. 
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When a large body of men are employed, and when speed is a primary requirement, this ii an 
important advantage. 

The Austrian chief inspector of railways, Hofrath Bitter von Piachoff, ihns expresses himself 
concerning the advantages of electrical firing; — **A greatly increased amount of work and a 
notable saving of cost is effected when the shoto can be so disposed, and fired as to mutually assist 
one another. These results are obtained by the use of electricity as the firing agent. The experi- 
ence which has been gained at the Buchenberg cutting, where the method of firing by electricity 
has been extensively adopted, has shown that, when properly employed, this means allows, in oom- 
pariijon with the ordinary methods, twice the amount of work to be performed in a given time. It 
is therefore strongly recommended to adopt electrical blasting whenever it is a question of economy 
of time and of money." 

The requirements of practice may be summarised ss follows ; — 1. Electric fuses should be so 
constructed as to be easily applicable to the charge of explosive used. 2. They should not be 
capable of being injured by rough handling. 3. They should be so prepared that the operator may 
have no trouble or difficulty in putting them into circuit. 4. They should be certain to explode 
under ordinary oon^litions of firing. 5. They should explode simultaneously in large numbers. 

There are two kinds of electric fuses in use, known respectively as tension and quantity fuses ; 
because the former are fired by means of a current of small quantity but high tension, and the 
latter are fired by means of a current of large quantity and low tension. In tension fuses, the 
priming composition is fired by the passage of a current of electricity through it. The circuit is 
interrupted within the casing of the fuses, and the priming is interposed in the break. Fig. 343. The 
current, in leaping across the interruption, meets with great resistance from the low conductivity of 
the substance to oe passed through, and consequently heat is generated and the 342. 343. 
priming fired. To overcome the great resistance occasioned by the break in the ,. ' 
metallic circuit, high tension is required in the current, which must therefore be 
generated by a machine, the low tension current of a battery being insufficient for 
tiie purpose. These fuses can, however, be fire<l by batteries of great power, by 
reason of the conductivity of the priming composition. In quantity fuses, the 
priming is fired by the heat •generated by the current in a piece of fine platinum 
wire. This wire is included in the circuit, and surrounded oy a substance inflam- 
mable at a low temperature, Fi^. 342. The heat developed in the wire is due to 
the great resistance occasioned by its snuill section. As the circuit is uninttrrnpted, 
the low tension current generated by a battery, or by a dynamo-electric machine 
constructed for quantity may be used. The advantngcs of high tension lie chiefly 
in the convenient form and ready action of the machines employed to excite the 
electricity. Being of small dimensions and weight, simple in construction, and 
not liable to get quickly out of order, these sources of electricity are particularly 
suitable for use in mining operations, especially when the operations are entrusted, 
as they usually are, to men of no seientitio knowledge. Moreover, as the means of 
discharging the machine may be removed until the moment when it is required, this 
mode of firing offers greater security than the battery. Also by employing a current of high tension, a 
Iar<?o number of sliots may be fired simultaneously in single circuit,' with greater certainty than is 
obtained with a battery. Another advantage of high tension is the small effect of line resistance upon 
the current, a consequence of which is that mines may be fired at any distance fW)m ^he machine, and 
thri>u«;h iron wire of very small section. The disadvantages of high tensions are the necessity for 
perfect insulation of the wires, and some degree of uncertainty in the fuse when not properly con- 
Btructed. When electricity of low tension is employed, the insulation of the wires needs not to be 
])erfect, so that leakages arising from injury to the coating of the wires are not of great importance. 
In many cases bare wires may be used. Another advantage of low tensi(m is the ability to test the 
fuse at any moment by means of a weak current, whereby an almost absolute certainty of action 
may be insured. For this reason it is usually preferred for torpedoes and important submarine 
work. On the other hand, the copper wires used muht be of comparatively large section, and the 
influence of line resistance is so considerable that only a small number of %hots can be fired fdmul- 
tanoously, when the distance is great. Moreover, as the number of fuses is increased, the power of 
the battery must be augmented by adding to the number of its cells. So that fur ordinary mining 
o()erations the l)attc!ry becomes largo and unportable. But the chief disadvantage of the buttery liea 
in the fact of its requiring a liquid to excite the current, and the consequent careful attention and 
delicate handling which the elements require. This defect may, however, be removed to some 
extent by a suitable form of the battery. 

Buron von Ebner, of the Austrian military service, was the first to construct a tension fuse that 
was at all satisfactory in its action. It did not, however, fully satisfy any one of the requirements 
enumerated. It was clumsily coubtructed, and was only fairly certain in its action. But it must be 
acknowledged to be the moilel up<m which all subsequent inventions have been founded. P. Abel, 
in England, took Ebner's construction and primed it with a new powder of his own invention. 
This fu«e, known as Abel's fuse, has been largely u>ed for firing guns, and for military purpoees 
geneniUy, But th« mode of construction a«lopted, and the cost of pr«Kluotion, have prevented it 
from being much used in industrial operations. Beardsley, in the United States, introauoed a new 
HVhtem, by interT)Osing a bridge of graphite l)etween the terminals within the fuse, the mnhite 
bein<( heated hy the pna-age of the current, and the priming renting upon the graphite thereby nred. 
This fuse is very certain when fired singly, nnd it is capable of being tested like a platinum wire 
fuao, but when c/>nn<i<'ted in large numbers fails. 

Several modifications of the fongoing fus<'s have been adopted in Germany, in the United 
States, and in England. Some of these, especially those of American invention, fulfil the first fbur 
rcx|uirement8 : but none fulfil the fifth. If the number in circuit is not greater than ten, the best of 
thf^•4e fuses may bo relied upon to explode. But when this number is exceeded some of the fuses 
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miaa. The oatue of these Tailurei has not been HitUbotorily aseeitainoil. If we put tiro Tuaes in 
■iiigle circuit, and one of these has muob greater oonductirit; than the otlier, tljia one will raiAS. 
If Uiey are put io dirided circuit, the other ooe, that is, the fuse which ban longt conductivity, will 
miss. If botQ fosea are giracticsll; equal iu conduotirity, both will expltxlo. From these facts it baa 
been inferred that if all the fuses were equal iu oonductinty, any sumber within the power of the 
machine could be Gied at ouoe. The inference, howerer, is not true. If fuxw. made eiautlj equal 
in oonductiiity, are limited in number to Meeu or sixteen, they all expludo ffitb certainty, bat 
when the number is greater, ^ures ooour. In searching for the oauM of thCBo failures, it would 
■eem that time must be taken into account. The resislunre of the fiuea retards the current, and 
possibly the eiploaion of tbe first may iiiterrapt the circuit liefore Ilia current has aottd suffleiently 
on all. It Bhoald tie remaiked here that no better results are obtained b; putting Che fuM-s 

To connect the fuaea lo the roaohine or the battery, two sets ot wires are required when a single 
■b(.t fs to be fired, and ttire« sets may be needed when two or more shots are to tie fired siniul- 
taneonsly. Of these BeTetaJ sets of wires, the Sist consists of those which are attached to the fuKca, 
and which, by reaiou of tbeir being placed in the ahot-hole, are called the abot-holo wires. Two 
*bot-hole wirea must be attached to each fuse, and they must be of audi a length that, vthen the 
tami has been placed in its proper position in (he charge, the ends may project a few inoUea from 
the hole. Tlieae wirea must aJao be insulat^ to prevent the escape of the current. 

The second set of wirea consists of those which ani employed to connect the charges one with 
another, and which, for this reaaon, are called connecting wire*. In connecting the charge* 
in single circuit, the end of one of tbe shot-bole wirea of the flnt charge u left free, and tbe other 
wire is eounerted,by meanBof a piece 

of this coDuecting wire, to one of tbe ^**- ""- 

shot.hole aires in tbe second hole ; 
the other wire in this second hole ia 
then cannecled. in the same manner, 
to one of the wires in the third hole ; 
and soon till the last hole la reached, 
one shot-hole wire of which is left 
free, as in the first. When frictional 
machines are used to fire the blasts, 
the fdsea must always be connected 
np in this nuinntT, which is known 
us serifs or single circuit. In this 
arrangement, shown in Figs. 3H and 
315, tlie whole current is sunt through 
the series of fuses. With magneto- 
electrio macl lines, it is better lo 
adopt the divideil circuit, as shown 
in Fi^. 346 and 347. The leading 
and the return wires ate, in this 
method, attached to the groups of 
fuses at L and R, and t)>e current 
then divides itself, n portion passing 
through the fuses to tlie right of I', 
and another portion through those to 

the loft of tliat point Whenever the S4C. S.T. 

connecting wires can be kept from 
touching the mch, end alao from 
coming into conbict one with another, 
in most coses this may bo dune, bare 
wire may be used, the cost of wliich 
is Tery small. But when this con- 
dition oannot be complied with, and, 
of course, when blasting iu water, the 
oonneeliog wires, like the shot-hole 
wires, must be insulated. When 
gutlaperclia shot-hole wires are used, 
it is well to have them sufficiently 
long to allow the cml projecting from 
one bo'e to reach that projecting from 
Ibo ntixt. Thin renders connecting 
wire unnoceoary.and, moreover, saves 
one joint for each shot. 

The third set of wires required 
are those which are used to connect 

■be chafes with tbe machiue, or the battery. These wires, which are called cables, constat each 
of three or more atrands of copper wire, well insulated with guttapercha or with indiarubber, the 
coaling of these mat«rial« being protected from injury by a shcalhing of tape, or of galvanized iron 
wire underlaid with bemp. Two of these cables are needed to complete the circuit : the one which 
is attached to the positive terminal of the machine is di^ltnguislied as tlie koding cable, and 
the other, which is attached to the npj>iitivo terminal, is deecritied «» the return cable. When 
the cable id provided with a metallic sheathing, tbe latter may be made to serve instead of a return 
cable, but ia a bud plan. 
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To fire gOD-cotlon or dynuoite, detonfttora ore umcI. These ere coppet capsnlo mbont | in, in 
dianietoi' nod 1 in. m lengUi, coDliiining & chari^ i>[ fulmiiiato of mercury. Whon aifi-tj fuse ■• 
Ubsd, tlio LDcl u cut off clean and inaerteii into tile cap. nhicli is tketi preasod tightly U|k)1i the fuM 
by mcauB of a pair of pliere, U shown in Fi^. 3 18. Whon Uio bore-lmle ia very wet, n little wbil»- 
lear) or grease mngt be put round the edge of the cap as a protection. The plcctrlc taaee ate alwaja 
madu water-proof ; these are supplied wilh detonators affixed, as in Fig. 349. When the ^fety 
fuBU burt^s down into the cap. or when, in the other case, the priming of the 
electric fuse is fired, the fulminate exploded, and eausos Uie detonation ot ^'- ^*- 

the cljargc in which it is plocod. 

The machines used for firing olcctiical tension fuses are of two kinds. 
In one kind, the electricity is oiciteil by friclion, and stored in a oundenner, 
to bu afterwards discharged by suitnblo means provided for the purpose. In 
the other kind, the electricity ia excited by the motion of au annatuie before 
thu pules of a magnet. The former are called bictional^eleotric exploders, 
the Iatt«r, magneto-electric ciploders. 

Frictional tnaoiiincs act Tetr wi:]l so long as they are kept in a proper 
state. But as thev are injoriously affected by a moist atmosphere, and weaken 
nipidly with use, by renaon of the wearing away of tlie rubbers, they muHt be 
iu good clcctticsl condition before uslui; them for S ring, otiierwise the quantity 
of electricity ixcited by a given number ijf revolutions of the plate will bo 
variable, and TcsntiouB failures will ensue. If, however, the proper precnutinns 
be ubservod very certain and tatisfactory Ttsulls may be obtained. Id Ger- 
many and in America frictinnal oxplodL-rs are generally used. Mttgneto- 
electric macluDGS possess the valuable quality of constancy. They are unaffected in any 
appreciable degree by atmospheric changed, and they are not subject to weal. Uoreover, 
as they give electricity of a lower tension than the friction machine, defects of insulation 
are less important. Whatever ex pliiilcr is used it should possess great power. The mistoko 
of using weak machines has dona more than anything else to hiiiiler the odoptioo of 
electrical firing in Great Britain, 

The machine most used in Germany is Bomhardt's frictiouaJ exploder, Figs. 350, 331. 
It is contained in a wooden case 20 in. in length, 7 in, in' breidtli, and 14 in. in depth, 
outside measurement The weight is about 20 lbs, I'o fire the cbarge«,~F, a plate of 
vulcanized rubber; J, a collector of the same, and having also a number of metal points; 
K, cat's-^in rubber; U, its support; L, Leyden jar; G, discbargi'r ; B, disc of vulainizcd 
rubber ; c 6, gear-wheels let into Ibe case P, — the leading eiible is attached to the upper 
terminal C, aud tbe return to the lower D, the other ends of these wires being connected 
to the fusts. The hutullu dU then afiixeil and turned briekly from fifteen to thiity tipics, 
nccordiug to tbe uuniber of fuses in circuit and the btato of the mLichine, to excite the 
elcctrioity, Tbe knob K is now pre^^ed suddeidy in, and the discharge takes place. 
To allow of the coaditiun of the machine being readily asctrtained, a scale of fifteeti 
braas'lieaded nails X is provided on the oulside, which scale may be put in commu- 
nication with the terminals C and U by means of brass chains, as shown in tbe figures. If after 
twelve or fourteen turns tlie spurk leaps the scale when the knob K is pushed in, the nschine ii in 
a sufficiently good working oondilion. 



In America there arc two frictional cipluchrs in commoD use. One, Pig. 3S2, is tbo invra> 
tinn of H. J. Smith. Tbe other. Fig. 353, is tho ilcsign of C, Mowbrav. The former npponitat 
is eni'lobcd in a woodi-n ciice about 1 fl, iquure, aud C in. in depth, Tlie handle is on the t'>p of 
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the csae, knd U tamed horizontnllr. Aa in Borniuudt'i machine, It is niwle romoTable far 
oifetT. Tlie rabloH having been attEcliod to tbe tenuiiiKls, tlie haiidle is turned rorward a certain 
iiumbcT of times to eicitii the electricity, and then turned a qnarter of a levolutiun backward 
tu dia^haige the conden«er, and to fire the blaet. By thi« device, the neretait; for a Booond 
apenute of eoiniDniiiaatioii wilh the in;<ide is avoideJ, an important matter in frictionol machiuee, 
whioli are so readilv affected b; moisture. Mowbraj's exploder ie contained in h wooilun barrel- 
ihaped case, and u fcnovn as the powder-keg exploJar, the fonn and dimeuBJona of the oaso being 





tlioao of a pon-dur keg. Tlie action is tiimllar to th:it of Smith's mBchine. The \rcight ia abont 
2t; [be. All of these machines oro extensively use<l. nud good results are obtained from them. 
They stand well in a damp atmosphere, do not quickly get out of order from the wearing of 
the rubbers, and ace poi table. 

A mngneto^fileetrio mncbine frequently osed in En<-laiid is that of Siemens. This machine is 
of nnnllcr dimensions [ban iJie Mctioual exploders described ; bat it greatly exceeds Uiem in 
weight. Tlie appatatua, ehowu iu Fig. SH, contained within 
a eaaing, oonaiats of a SiemeruT annature, made to revolve be- *"■ 

tween the poles of an electro magnet by turning the handle. The 
coils of tbe magnet arc in circuit with the wire of the armature. 
The reaidnal magnetism excites week currents; these inciTa.-e 
tlie magnetism, inducuig Mill atrongei currents. The limit is 
determioed by the magnetic aaturaUoQ of the iron cores of the 
electro-mngneta. By automatic action the current is, at every 
second tnm of the handle, wnt into the cables leading to the 
fneee. To fire with tbia mr^cbine the handle is tamed genii/ 
till n click is heard, inili[«ting that the handle ia in the right 
position. The ciible wires are tbi.n attached to the terminals, 
and the handle is turned quickly but steadily. At the com- ■ 
pk'tion of the seoontl revolulion Uie current passes out through 
the cables and tbe fusea As with frictionol mnchiues, the handle ir, for saft-ty, mmlc removable. 

The simplest form of maffneto-eleetrio machine in common use is " Dreguet's," illostrated in 
FigB.3S5 to 357, It is unsuttabla for Gri»g a large number of fuses in divided circuit, but if not moro 
th«i two or three be required to be fired simultaneously, it will be found convenient In this 
machine, tlie induction coils are placed npon bars of iron oonstituting a conlinnalion of the arms 




of the magnet The latter is fixed npon a bt „ - 

the coils are placed, presses an ermataro a ; this armatore is fixed upon a ., „ 

about a horizontal axis. When this lever is pressed down by a blow upon the knob p, at the end 
of the lever, the armature is withdrawn from the coils, but remains parallel with them. The lever 
ia provided with a spring 9, which descends wilh the lever. Wliile the aimature is in contact 



support of which i» m commaiiicgitiuii with the wire of the ooiU. But when the lever la deprentd, 
the sprin;^ descendB alBO, until, at a certain poiut, it ii sepBraled from the «cr««. When thii 
Beparation takea place, tlie tbort oiicnil i k' whioli pievioiuly existed i^ inteimpled, and the 'cuireDt 
ia then forced to piuB into the long circuit idd'i', in which the fusa U placed, 'i'be poiot at 
which interruptioQ shnll lake place U regulated by raising or lowering the screw f. Thia point 
should be a little above that at which the spring stands whea at the end o( ita stroke, bsnau 




then the intensity al Ihe current is at its maximum. Whpu the band is removed troat the knob p, 
B spring betieuth the lever, aideil by the attrikotion of the magnet, forces the nrmaturu back into 
contact with the poles. A safety bolt I is pushed under the level to prevent accidental dinoharges. 
The whole oC the appuratus, with the excep- 
tion of the knob aDil the tvruiiiials, is enclosed ^'- 
witbin a wooden o^Lse ca, sliowu by the dotted 

The lending and the ictum wires being 
Bxed to the terminals <I<t, and the fuses in- 
cluded in the circuit, the latter are fired by 
striking a sharp blow upon the knob p. 

In cuncluding this description of Ibe np- 
paratos used in rock blasting, a few remarks 
are needed on the melerio^ employtd oa 
tamping. To tamp a shot-hide is to Sll it 
op above the charge of explosive with sume 
material, which, when so applied, is celled the tamping. The ose of tamping is to oppose 
a reaiatanoe to the escape of the gaaes in t)\e direction of the boce-hole. Clay, dried in the 
Bun. or, prcfcrahly. by a fire, appeara to fulfil moat completely the requirements of a tamping 
materiul. There hcing no voids between the particles as in porous snhetiinoea, there is DO passuge 
fbr the gases. It is usual to prepare the clay baforehaud, und this piiictice is coaduoive both to 
rapidity of procedure and to effective results. TJie former consideration is an itnporlant onc^ 
inasmuch as the operation, as commoaljr performed, occupies a good deal of time. To pri'pare the 
clay pellets, a lump of the ploitio material ia taken and rolled between the palms of the tiands until 
It hoa assumed the form of a sausage, from 3 to 4 in. in length, and of the diameter of the bore-hnle. 
When well dried, these pellets are icudy for use. In makiog them up to the requiaite diameter, 
shrinkage should be allowed for, since it U csscntinl that they fit tightly into tlie hole. When the 
charge has been put in and covered with a wad of hay, or a handful of sand or rubbish, one of these 
pellets is insertnl, and pushed home with a wooden rammer. ConBidetahlo preranre should be 
applied to make the clay fill the hole eomplolely, but blows should be avoided. A second pellet ia 
tijen pushed down in the sanie manner, and the operations are rcpiated until Ihe whole of the hole 
is tampod. To consolidate the mnas. light blows may be applied to the outer pellet. It will bfl 
found iidvantagcoiis to pbico an niidried pellet immediately above the cbari^ because the plasticity 
of such a pellet enables it to All all the irTegulariti<s of the sides of the bole, and to securely seal 
the passage betwei-n the sides and iho tnmping. A plastic pellet may, moreover, he pushed down 
wilhcml risk of caaaiog an accidental eiploslon. In blasting down oual, soft shale is alwavs used 
fur tampinf-, because it is readv at hand, and heavy ahots ate not required. In qnnrrieo, the dost 
and chippings of the excnvated ruck are largely employed as tamping. This material ha^ however, 
but litlle to recommend it for the purpose boyoiid its readiness to bund. When the hole u iurliiiod 
downward, dry sand may be very oonvoniontly and effectively used as tamping. But in this cnse a 

Elastic clay pellet must be first put in immediately above the charge. Without the clay, sand alTords 
ut a very weak tamping. Sand tamping mny lie performed very expeditiously, and it is therefore 
to be recommend I'd wbenover Iho conditions nre not unfavourable to its adoption. 

The optrutions of blasting are begun by striking a few blows with tho tammar upon the Spot 
from which the hole is to start, for the purpose of prepnring the surface lo receive the drill. In 
some cases, this preliminary operation will not bo needed; but generally some preparatioo is 
desirable, especially if the surface ia smooth, and the hole to be bored at an anele with it. For 
the pan*"*" "^ illustrutiou, We will tiike the cnse of a bole Ixired vertimtly downwards, and will 
auppone the boring to bo carried on by double band. The surface of the rod( having been pn-pared 
to reeelre the drill, one man aits down, and placing the drill between his kners, Inilds it vertically 
with both himiU. The ntlier man, who stands opposite if possible, then strikes the drill upon thA 
heail with the sledge, lightly nt flrat, but more henrilj when the tool has fairly eob-rcd the rock. 
The mail who holds the drill niisea it a little after ciich blow, and turns it partly round, the degree 
of turn usually given bting ntiout one-eighth of a revolution. By this moans, Ihe hole is kijit 
circular, and the cutting edge of the drill ia preveiiteil from falling twice in the Fame place. To 
keep Ihe tool cool, and to convert Ihe dust and cbippingx into sludge, the hole is kept partially 
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filled with water, whenever it ia inclined downwards. For this reason, downward holes are some- 
times deicribed as wet holes, and upward holes as dry holes. The presenoe of water greatly 
facilitates the work of boring. It has been fonad by experience that the rate of boring in a dry 
and in a wet hole yuries as 1 : 1 *5 ; that is, it takes one and a half times as long to bore a dry hole 
as to bore a wet hole. Then by nsing water, the time may be reduced by one-third. To prevent 
the water from spurting out at each stroke, and splashing the man who holds the drill, a kind of 
leathern washer is placed upon the drill immediatelv above the hole, or a band of straw is tied 
round it. When the hole has become too deep for the short drill, the next length is subatltnted 
for it, which is in its tarn replaced by the third or longest drill as the depth becomes greater. Each 
drill, on the completion of the length of hole for which it is intended, is sent away to the smithy 
to be resharpened. In very hard rock, the drills may have to be frequently changed, a circum- 
stance that renders it necessary to have several of tiie same length at hand. 

The depth of shot-holes varies from 1 ft. to 10 ft, according to the nature of the rock, the 
character of the excavation, and the strength of the explosive to be u«ed. In shafts and in headings, 
the depth varies generally between 2 ft. 6 in. and 4 ft., a common depth being 3 ft. The debris which 
aoonmulates at the bottom of the hole must be removed from time to time, to keep the rock exposed 
to the edge of the drill. The removal of this sludge is effected by means of the tool called a scraper. 
If the sludge is in too liquid a state to allow of its ready removal by this means, a few handfuls of 
dust are thrown in to render the mass more viscous. The importance of keeping the bore* hole free of 
sludge, and of shortening the time expended in using the scraper has led, in some localities, to the 
adoption of means for rendering the sludge sufficient y viboous to adhere to the drill. When in 
this state, the sludge aocumulates around the tool rather than beneath it, tlie. fresh portion formed 
pushing tiie mass upward till it forms a thick coating upon the drill throughout a length of several 
inches. When the tor>l is withdrawn from the hole, this mass of d^ris is withdrawn with it; in 
this way, the employment of a scraper is rendered unnecessary. This mode of clearing the bore- 
holes is commonly adopted by the Hartz miners, who use slaked lime for the purpose. This 
lime they reduce to the consistency of thick paste by the addition of water, and they store it 
covered with water, in a small tin box which they carry with them to their work. To use this 
paste, they take a piece about the size of a walnut, dilute it with water, and pour it into the bore- 
hole. This lime-paste is, for the purpose intended, very effective in friable rock, especially if it be 
of a granular structure, as sandstone. As the grains of sand resulting from the trituration of such 
rocks have no more tendency to adhere to each other than to the drill, each of them becomes coated 
with a coating of lime, which causes them to agglutinate into a viscous mass, possessing sufficient 
adhesiveness to enable it to cling to the tool in the manner described. When the hole has been 
bored to the required depth, it is prepared for the reception of the charge. The sludge is all care- 
fully scraped out to clear the hole and to render it as dry as possible. This is necessary in all 
cases ; but the subsequent operations will be determined by the nature of the explosive, and the 
manner in which it is to be used. If black powder is employed in a loose state, the hole must be 
dried. This is done by passing a piece of rag, tow, or a wisp of hay, through the eye of the scraper 
and forcing it slowly up and down the hole, to absorb the moisture. If water is likely to flow into 
the hole at the top, a little dam of clay is made round the hole to keep it back. When water finds 
its way into the hole through crevices, claying by means of the bull must be resorted to. In such 
cases, however, it is far more economical of time and powder to employ the latter in waterproof 
cartridges. Indeed, excepting a few cases that occur in qnarryins^, gunpowder should always be 
applied in this way. For not only is a notable saving of time effected by avoiding the operations 
of drying the hole, but the weakening of the charge, occasioned by a large proportion of the grains 
being in contact with moist ruck, is prevented. But besides these advantages, the cartridge offers 
security from accident, prevents waste, and affords a convenient means of handling the explosive. 
It may be inserted as easily into upward as into downward holes, and it allows none of the powder 
to be lost against the sides of the hole, or by spilling outside. 

When the hole is readv to receive the explosive, the operations of charging are commenced. If 
the powder is used loose, the required quantity is poured down the hole, care being taken to prevent 
the grains from touching and sticking to the sides of the hole. Tiiis precaution is important, since 
not only is the force of the grains so lodged lost, but they might be the cause of a premature 
explosion. As it is difficult to prevent contact with the sides when the hole is vertical, and im- 
possible when it is inclined, recourse is had to a tin or a copper tube. This tube is rested upon the 
bottom of the hole, and the powder is poured in at the upper end ; when the tube is raised, the 
powder is left at the bottom of the hole. In horizontal holes, the powder is put in by means of a 
kind of spoon. In holes that are inclined upwards, loose powder cannot be used. When the 
powder is used in cartridges, the cartridge is inserted into the hole and pushed to the bottom with 
a wooden rammer. If the chnrge is to be fired by means of safety fuse, a piece sufficiently lone to 
project a few inches from the hole is cut off and placed in the hole in the same position as the pricier. 
When the powder is in cartridges, the end of the fuse is inserted into the cartridge, before the latter 
is pushe<^l into the bore-hole. The fuse is held in its position during the operation of tamping by 
a lump of clay placed upon the end which projects from the hole, this end being turned over upon 
the rock. The tamping is then put in, in small portions at a time, and firmly pressed down with 
the tamping iron, the latter being so held that the fuse lies in the groove. The tamping should 
be done with dried clny pellets previously prepared, in the manner described in a preceding 
paragraph, when the time consumed in tamping will be reduced to a minimum. An abundant 
supply of such pellets should always be at hand. In downward holes, such as are used in shaft- 
sinking^ the plastic clay pellet and sand may be employed. This tamping may be put in 
rapidly, and in all but very shallow holes, it is very effective. When it is desired to use sand 
tamping in horizontal holes, and holes bored in an ascending direction, the sand should be made 
up in paper cartridges. The tamping employed in the St. Gothard tunnel consisted of sand 
preparra in this way. At the Mont Cenis tunnel, an argillaceous earth was similarly prepared in 
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pnper cartridges for tamping. If the charge is to be fired by electricity, the fuse ia inserted into tlie 
charge, and the wires are treated in the same way as the safety fuse. When the tamping is com- 
plete, the wires are connected for firing in the manner already described. In all cases before 
tamping a gunpowder charge placed loose in the hole, a wad of tow, hay, turf, or paper, is placed 
over the powder previously to putting in the tampiug. If the powder is iti cartridges, a pellet 
of plastic clay is gently forced down upon tlie charge. Heavy blows of the tamping iron are to be 
avoided until five or six inches of tamping have been put in. 

When gun-cotton is the explosive agent employed, the wet material whidi constitutes the charge 
is put into the shot-hole in cartridges, one after another, until a sufficient quantity has been intro- 
duced. Each cartridge must be rammed down tightly with a wooden rammer, to rupture the case 
and to make the cotl^n fill the hole completely. A length of safety fuse is then cut off, and one 
end of it is inserted into a detonator cap. This cap is fixed to tlie fuse by pressing the open end 
into firm contact with the latter by means of a pair of nippers constructed for the purpose. The 
cap, with the fuse attached, is then placed into the central hole of a dry primer, which should be 
well protected from moisture. When an electric fuse is used, the cap of the fuse is inserttni in 
the same way into the primer. The primer is put into the shot-hole ana pushed gently down upon 
the charge. As both the dry gun-cotton and the detonator may be exploded by a blow, this 
operation must be performed witli caution. Cotton-powder or tonite requires a somewhat different 
mode of bundling. It is made up in a highly compressed state into cartridges, having a small 
central hole for the reception of the detonator cap. This cap, with the safety fuse atUiched in 
the way described, or the cttp of the electric fuse, is inserted into the hole, and fixed therv by 
tying up the nock of the cartridge with a piece of copper wire placed round the neck for tha4 
purpose. The cartridge is then pushed gently down the shot-hole, or if a heavier charge ia 
required, a cartridge without a detonator is first pushed down, auil the primed cartridge put iti 
upon it. No ramming may be resorted to, as the substance is in the dry state. When dynamite is 
the explosive agent used, a sufficient number of cartridges is inserted into the shot-hole to make 
up the charge required. Each cartridge should be rammed home with a moderate degree of force 
to make it fill the hole completely. Provided a wooden rammer bo employed, there is no danger 
to be feared from explosion. A detonator cap is fixud to the end of a piece of safety fuse, and, if 
water tamping is to be used, grciise or whitelead is applied to the junction of the cap with the 
fuse. A primer, tliat is, a small cartridge designed to explode the charge, is then opened at one 
end, and the detonator cap, or the cap of the electric fuse, is pushed into the dynamite to a 
depth equal to about two-thirds of its length, and the paper covering of the primer is firmly tied 
to the cap with a string. If the cap is pushed too far into the dynamite, the latter may be fired 
by the safety fuse, in which case the substance is only burntd, not detonated. With an electrio 
fuse this cannot occur. The same result ensues if the cap is not in oonttict with the dynamite. 
The object of tying in the cap is to prevent its being pulled out. Tlie primer thus attached to the 
fuse is then pushed gently down upon the charge in tne shot-hole. It should be constantly borne 
in mind that no ramming may tiike place after the detonator is inserted. Gnn-cottttn and tonite 
require a light tamping. This should oonsibt of pliistic clay ; or sand may be used in downward 
holes. The tamping sliould be merely pushed in, blows being dangerous. A better effect is 
obtained from dynamite when tamped in this way than when no tamping is used. In downward 
holes, water is commonly employed as tamping for a dynamite charge, especially in shaft-sinking, 
when the holes usually tamp themselves. But in other cases, it is a common practice to ouiit the 
tamping altogether to save time. 

When all the holes bored have been charged, or as many of them as it is desirable to fire at one 
time, preparation is made for firing them. The charge-men retire, taking with them the tools they 
have used, and leaving only one of their number who is to fire the shots, in the case of squibs or 
safety fuse being employed. When this man has clearly ascertained tliat all are under shelter, he 
assures himself that his own way of retreat is open. If, for example, he is at the bottom of a shialt, 
he calls to those above, in order to learn whether they are ready to raise hira, and waits till he receives 
a reply. When this reply has been given, he lights the matches of the squibs, or the ends of the 
safety fuse, and shouts to be hauled up ; or, if in any other situation than a shaft, he retires to a 
place of safety. Here he awaits the explosion, and carefully counts the reports as they occur. 
Afti-r all the shots have exploded, a short time is allowed fur the fiimes and the smoke to clear 
away, and then the workmen return to remove the dislo<Iged rock. If one of the shots lias failed 
to explode, fifteen or twenty minutes must be allowed to elapse before returning to the place. 
Nine out of ten of the accidents that occur are due to these delayed ^hots. Some defect in the 
fuse, or some injury done to it, may cause it to smoulder for a long time, and the blaster, thinking 
the shut has missed, approaclies the fuee to see the effects produced by the shots that have firvd. 
The defective portion of the fut<e having burned through, the train again start^s and the explosion 
takes place, probably with fatal consequences. Thus mis.^cd shots are not only a cause of long 
delays, but are sources of great danger. Accidents may occur also from premature explosion, la 
this case the fuse u t^aid to run, that is, burn so rapidly that there is not sufficient time for retreat. 
When the firing ia to take place by means of electricity, the man to whom the duty is entrusted 
connects the wires of the (mcs in the manner described at p. 135. He then connects Uie 
two outer wires to the cablesi, and retires from the place. Prenmture explosion is, in tliis 
case, impossible. When he has ascertained that all are imder shelter, he goes to tlie firing 
machine, and, having atlachcnl the cahles to the terminals, excites and sends off the electrio 
current. The shots explode siniultiuieousily, so that only one report is heard. liut there is no 
danger to be feared from a misfire, since there can be no smouldering in an electric fVise. The 
face may, therefore, be approached immediately, so that no delay occurs, and there is no risk of 
accident. Moreover as all the holes can be fired at the moment when all is in readincds, a <x)n- 
sidimblo saving of time is effected. The workmen on rttuniinx to the working faoo romovo U»o 
di!4U>il^ed rtH-k, and hrinik down ev«ry block that has been suftii ieutly loosened. For tliitt puritoso, 
they use wedges and sledges, jacks and crowbars. And not until every such block has Wn 
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remove'l do they reaumc tho boring for the seoonil bliiit. Bometimpis to rMilitato Iho TomOTnl of 
the rook dUlndged bj the aliota, iron plates nre txid in front of the tiux in a bcailini;. Tlie rock 
&lling npon Ibede pUtes ii lemored aa qniokly ax posaible, to allow the boring for the iuoceeding 
Uut lo commence. It ii important, in the organizfttion of work of thU ohuacter, that one gang of 
men is not kept waiting for the completiou of the Inbour of another. 

Id beginning lo blaHt down a fuoa of rock in underground drivings, the firat etep is to obtain a 
free face perpendicular to that of the heading;. This ia aocompliihed b; boring gevcral holes near 
together at the centre oF the face, luid angled ao as to bring their ends witUin only one or two 
inrbea apart Tbeao sLots are then hearily loaded «ith eiplosLve, and atrunglj tamped. When 
tred, these shots throw oat a wedge- shnped maaa of rook, Iraving a curreeponding catiiy. In this 
way. the needed free faceiaobtainM. The operation is described as nnkeying the face. Around thia 
ealily olberbom-hulcsarDthtn plnced, in such positions, and at such distiini-es, that the ezplneion of 
the chsrgrs shall blow the rook iutu the caiity formed by the first shots. In thia way, the CHvity 
is enlargeil. By placing other thots in the same manner ar^iund the tnlnrgcd envit;. tlio whole of 
the face is bronght down. It will be efident tbst tho first rhots act under very nnfuTonrable con- 
ditions. For this reason, they shnnld consiiit of heavier chiirgoi tlian thore subseaueiitly nxinired, 
■nd, whraerer pructicable, tbej should be fired (.imultaneouBly. The placin;; of blasting cbargi's 
affords an opportunity for the eKerriso of skill on tlie part of tlie blatter. As the conditions are 
conslantlj var> ing, no rules eeiierally applieable can bu laid down. 

Thu principles upon which rook blanting is conducted will be best understood from the study of 
Kane good eiamplea. The following are giTsn as notable instanoca of driiiuj^ intelligoutly 
deajgoed and carefully carriod out ; — 

The ezcaTuliona reoenti; made for the new fortificaliona at Heiligenbcrg, in Austria, were 
executed by the military engineer* atulioned at that time at Olmiitz. These works involieJ the 
remoial of mrfooe rook and the driving of underground waja. The rock to be removed consisled 
of alternate beds of sandstone and argillai^aous schista. The surface bed, which wna much 
deoomposed by atmoepheric agenciea, was an argillaceous nutrl about 5 ft. thick. The beds 
of Bcliii<te dip at an angle of 45 degrees; their thickness raries from a few inches to G ft. Tlicso 
beds are trareratd h; nutncmns veins uf an nrgillaceoos cliararter. The atratiBcation of tho sand- 
atone beds is lees marked. Cleav;igc planes, buwuvor, exiot. along which the rock pu-lcd more 
easily ; and n number of teina of Inosc sund of a maiimuni thickness of four or five iuclies. These 
rocks were of moderate hardness. 

The method adopted in the open cuttings consisted, after removing (ho surface soil to lay bare 
the rock, iu opening a trenoli pnTallul to the lino of oulcrop of (be beds at the butlom of this 
trench, shown in Fig. 35S. Sbota wcro placed at a, the d-pth of the boro-hok-s being made equal 



lo three-rouiilis the thjekneas of tho bed, and tin ir distanou apart twice the tbiuknesa. UauaUy, 
the shots, whioh were heavily oharj-ed, detached the whole btd ; when necessarf, their effect waa 
completed by additional shota at i> from 5 lo ft. deep. Whenever a nearly Tertical face had lo bo 
dealt with, ds ahown in Fig. 359, tho dip of the beds was not taken into account, and bore-hole* 



ftt«, G to 8 n- deep were pot down, 5 or 6 ft. back from the face. In driving the headingj the 
m^hok of pwcedure waa Varied according to the direclion of the heading relatively to the dip of 
rte leck bedi When the direction was Hint of the atrdto, a horiaonlal shot wai plnced in the 
K^t 1^ « »t I in Flk 360, 861. the depth of the hole being two-thirda that of the thicknea. 
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of the bed. After tlie Tace had been nnkejed by this ahot, other shots placed horiEonlallT «er« 
oaed to bring doun tba upper portion, tlie hinei portion being Bubsequiiitly removed bf vertical 
■hola. Wbeo. on tbo cantntr;, the beading was adfancing at right aoglee to tbe strike, iDClined 
shots wore first fired in tlie middle and lower beds, tiler which the upper portioa was bconght down 
by horizontal shots, as in Figs. 362 to 365. By using dynamite in boles of ) in. diameter, an 
average advance of about 2 ft. 6 in. was made in twelve hoars. When gunpawder only waa used 
in holes of 1} in. diameter, somewhat leas than half this rale of progress was attained. 



In some cases, the galleries were driven tbetr full width at once: but usually bd advance beoiling 
was driven, llie enlargement being subsequently undertaken. The metliod of procedure was to 
drivu the beading furwiird ; then to break down the sidoi, and sfterwards to take up tlip bottom. 
The several operations, with the directiou of the bore-holes, are iudicated in Figs. 36C and .S67. Id 
taking up the floor, gunpowder was used. Tile charge of the latter exnlowve was hiilt tlie depth of 
the bore-nolo ; of dynamite Only from one-third to one-Ui'th of thu denfh was allowed to tbe charge. 
It should also be borue in mind that in the tatter case the diameter of the liole was reduced. Flastto 
day was used for tamping, and ordinary safety fuse to ignite the charges. 



Tbe excavation of the n>nduit for the Vienna Waterworks aSbrds an excellent illustration 
of blasting, the work being about 3000 yards in length. The price to be paid was 143 franca per 
klaher nm, a kUfter being 1-896 metre; ronghly 31. a yard run. The dimenninnB of the conduit 
were to be 8 ft. high by 6 tt. wide. The work wu carried out in a highly intelligent and slricUy 
Bcientifio manner, a fact that renders this example peculiarly instructive. The explosive used was 
dynamite of 72 per cent, nitroglycerine, made up into oortridgrs of l in. in diameter, (iimpowder 
and gunK^ottoD were first tried, but they were found to be less effective than dynamite in the tough 
rock through which the condnit had to be driven. Both electric and safety fuses were used. 

The rock to be passed throngh was a compact dolomitic limestone, traversed by some loi^itndinal 
ftacturrs, and by numerous lens impnrlant fissares travelling in different directions. The stone 
was generally more compact in the anticlinal rid^'c^ and more or less flsaurod in the syndlual 
depressions : at the bottom of M>me of the depressions it was tometimos found in the ctate nf 
conglomerate, and having the appearance of a ipiicles of breccin. According sh ibe direction of 
the hsading encountered the plaDU of fractures more or less pcrpeudicnlarly, the stone wss foond 
to be Hsaurcd over a greater or less area. Tliase fractures, which must not be confoundtd with 
the veins of spathic limestone found in great quantity in the most compact parts of the lock, and 
making no diflerence to llie working, woie often filled with ferruginous, and sometimes very damp. 
s ind. The hardness and compactness of the ruck varied wiUi itii purity, and with the quuntity of 
ma^esia, npiilhic limestone, oxide of iron, and similar minerals which it oontuinid. 

i'he operations of blasting differ according as the rock is compact, fissured or conglomerate. 
Supposing thiit a plane forebrcaat, perpendicular to the direction to be followid, is commenced 
with ; ti.e first thing to be done is to select a pl.icc fur the first shot, which is subject to very 
unhvonnible con iilioiis, l-oniiso there is only a single free surface, end tbe shot can only take 
i-ffiit upon Ihc side in which it is placed. The exph»i,in of this flrst shot forms a cavity, of which 
tlie sides form free surfaces, and new planes of less rcaiistancc, thus giving a large space for placing 
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the fbllowing ibots. In Lhe compact rook, it wns proTod immlBtAlubl;, Ih&t even when dynamite 
wta DKd the blaat-holea bored iu a plane fuoe, perpendienlAr to the alia of the heading, should 
bare a line of least resiitaDCQ not in the same direoUoD aa the bore-Lole, the length of which lino 
■bonld be shorter than the depth of the boro-h(rie : tliOB the central sliot dnes not give good 
eflects even when the same hnlo is charged several timet. It is well, therefore, to giie the first shot 
an inclioiition in oonformit? with the plune of the furebie^ist and a depth varying with the compact- 
IWM and hardness of tlie stone, the inclination increasing aud the depth diminishing in proportion 
as the hardneasinoreaaes. With too slight an inclination or too great depth, the effect is oonsiderablj 
duniniahed ; the inflDellce of an error in the depth ia Iohb than tbat of an error in the inalJDalion. 
Too great an inolination and too little depth are equally undesirable, becuuse the dlfScultj of 
borilig often increoaea with the ineliuBtion, and also becauxe they lead to the necessity of making 
loo maD; bure-holea, and expending too much explo«iTe for a given advance of beading. When the 
depth and inclination of Lhe bore-Iiole am good, und the charge is correctly proportioned to the 
dvpth, the resnlt generally effected in a hard, compact rock is shown in Figs. 3ttB, 3(i9. The effect 
of the blast is to make the cavity A. and to shatter the pert B. The cavity is sensibly limited iu its 
longitudinal aecllOD by the lower side of the bore-hole, which usually remains intiict, nnd by 
a pntpendimlar line !□ the direolion of the bore-bole, guided by ita depth. The sidea of tlie cavity 
only depart fram theae djiectiona ia the neigbboDrhood of the free surface. The elevation shows 
that the blast extends furthest nround the bottom of the hole, and that it diminishes as it □earBiha 
orifice, around which it is a little iucreased. The siile of the bore-hole remains visible at tbo 
farther side of the cavity to a depth varying from | to ] of the hole, meaaured from the bottom. 
FtMnree are ulao found, parallel to the hole, penetrating more or leas far, according to the har<liieHs 
at the took, and the Uttet may ofteD be broken away with a jnck or sledge, in the moat favourable 



ataea,as far as the line n 6, and at other times only to half that distance. When the direction of the 

...... , .. ., . J proportioned to that depth is 

red, and pert of tlie bore-hole 

_. __ .JO Blight, the effect ia Htill leas, 

e of the cavity ia moch diminisbed, and the greatot part of the hole remains intact outside 
the cavity ; the rock !a not even shattered to any nsetul extent, and the aides of the bore arc only 
eruahed for 2 or 3 inches, Fig, 371. There ia. however, no definite law giving the amount of depth 
and inclination Cor a malimnm of useful eftict, for these qnantitiea depend npon the hardness and 
compactneta of the rtvk ; but it should be admitted as an extreme limit, that a line drawn 
perpendicnlar to the direction rf the bore from the bottom of the latter should alwuys reach the 
firm aurhoe and bo shorter than the bore-hole. In an extrtmelv compact rock which had to be 
nasaed through, it was shown by numerous exp<-rlmenta that the (Icptli of the flrst shot should not 
be greater than from IS in. to 20 in., and its line of leoal resistance 9 in. to 12 in. The charge 
depends npon the nature of the rock, and upon the depth of the Imle. It wua given a height 
eqoal to ^ of the depth of the hole, for a very compnct rock, and was oovered with a ationg 
tamping. 

A aiugle aliot placed in tha forebreast ia not gtnemlly aufBcient to make a wide enough cavil^, 
and it is neoeasaiy to fire several of them siraultansoilaly. It was, however, proved that, even )n 
the hardeat and moat compact pnrta of the rook, throe ahots were always anfflcient, if well placed 
and auitubly dispnaed townrda lhe centre of the forcbrcHst, because it is here that the rock is 
furthest from the Sidea which span it. In order to enaure the bresking of one cavity into another, 
which is most favourable to the formation of a, wide and deep cxoavatinn, care waa taken to 
dispose the shots so thiit their openings shoulii form an equilateral triangle of aboat 2* in. in 
length of BiLle, and to give them a direction so converging that at the bottom they should bo only 
la in. to 16 in. apart. Fig. 372. It was found very adTantageoufl to fire the shots aimnltanoonalv 
by electricity. A first cavity of 13 in. in depth being tliua obtained, the ahola are prepared 
which are to give the heading its ultimate conflguration. Tlicy havp nsually mnch less inclination 
and more depth than tlia previona 030s, in the working oider consideration they frequently had a 
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dspth of 2 ft. 8 In. Here cigab it u noeeeaaij to KTuid hcntnmtal sbotB, ftnd to rognlato the depth 
io Bucb a mantior that tlio bottoraa of the boro-holes never dcmend twloir thai of the exUtine 
oaTity, bocauKO the portioiu in exeoas would Tomain iDtact The obajge, al«a;> varjing with 
the natitre of the rook, in determined bj Ihe effect of the preTious shots ; it is not (cenenliy more 
than a qnnrter of the length of the bore, and never losa than oiie-eixtb ; a firm tumping it always 
iDdiBpcnsnble to succou. 

To Bum up, in order (o malia a honding of 6 ft. S in. in widlh and 6 ft. 9 in. in hpiglit, in a 
very bird, compact rock, aud wliorci only tlirce men ciin work at a lime, tlie process is as f.jUows ; — 

Tlie work U begun by placing in the plane of tlje rorebronat. a little beliiw itH cenlni, tlie three 
flnt shotK, and firing them Bimultancoiutly, Aftir working with the pick, the cavily I is obtuned. 
Figs. 373 to 373. Eight or ten more hokt ore tli>n borwl in order I < break away Ihe pait numbered 





vily. After flriag Ihcse, three more unkeyine Bhob ni 

pauU.. lit A ftn.. tl.;^ »kA „....». .»-*L».. TV l^ l.l,._ 



II, RituBteil above and alon^Hiilo tl 

placed a tittle higlior than I, go aa 

down, and euheec[ucntly the remnlning portion, \, isattarkod by oiglit or'ten (loriznntal or verlicnl 

shots placed as deep as poasiblo. Following Ihcao iiistniotioiu, it is poasible, with nrdinarir workman, 

to advance tlio hcoiling by 2 ft. in Iwoiity-f.mr hours, which «ould require tliirly or forty gliols, or 

the consumption of aboat T'41b. of dynaiuite. 




If, instead of being compBrI, the rock is fleButtxl or stralifltd, the mode of workinf: is somcwl.nt 
different. Two cases present tliemselves ; the slreta lying loniiilndinally, ns in Fig. 3T(i, or tnin»- 
vcrstly. 118 in Fig. 377. In Ihe Srst ciuic, it is ulvantngeoiis to )>ore the Jiolee nearly purallil In the 
plane of straliScation, and at inlervnls npart nearly equal to their ilepth : the lutlcr, TaT>ing with 
the hardness and compactness of tbc rock, should not generally excel d 2 ft. in the example quoted. 
In the sooonrl case. Figs. 37'> 378, the position (o bo gireii to tlie bore-holes differs acoording as 
the plane of the strata ia am nding er descending, aflir leaiine the forcbreost. When the plaiie 
is ascending the holes nre all placed alioTe it, and neirly borizonlnl. On the otiier bypothcKis, 
tlicy are pbiccd both atiovc and below, end are arranged almost pnmllcl to the plane of stmtitkit- 
tion, for their force ia din-ct<'d agniniit Ibis plane, wliich eserelfes llie Bnmo influence as a fnv 
anrfaoe. In the nick to bo jHisHeit thruuRh, the eitr. mo limit of deplli, even in this osm-, was laiil 
down H 2 ft., and much aire wiis taken to avoiil eultiiig into the otii< r slmta, so that Ibu remaindej' 
of the bole would remain nntonched. Tbc method of employing almultanoous firing to aecclenit« 
the work, depends nineb, in a stratified rock, mion Ihe number and Tospectico prsitionB of ibe 
strata. When the strati ileal ion is r-'guUr, aa i<i Figs. 379, 3H0. it i-< nnnocessary to liepin by 6rin(t 
the flnt three shots which nre reqaiied in the compact roik to produce a first ciivity, aud llie 
beds are blown out one afier another by a series of shots placed in almiisl patallel Hnca. Wh--Q 
the atratiflcntion is irrigular, it is an odvantflgo to becin wit)i a central cavity, which is mode at 
the point where the disposition of tbc strala is mrst favournblo ; in the wiuie way, wlien the nvk 
is not lioinogonc<iUB in tlie forcbrcnsl. it ia mii>ic in the softest nnil teiist compact place. Tlic 
charge ia iisiially loss heavy in a stiatini-d rock tl>an in a naite CL>iiii«ct one. and its hcij-bt nircly 
rxe.iiU one-Hi\tli of Ilic deplh of tlio hole. Tliv wiTh of cnlting, under the conditious iudifnled 
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above, advanoea at the rate of 2 ft. 8 in« in twenty-four honra, with an averago oonsumption of 
6*2 lb. of dynamite. 

It ia in conglomerate that the effect of the explosion is most conBiderable, and it oxtenda 
ordinarily from 2 to 4 in. beyond the bottom of the hole. The rook is much shattered, and work 
with the wedge rendered rery effective. In this case the Jbore-holes may be inclined much less than 
in a compact rook, and they may have a depth of 2 ft 8 in. ; the height of the charge may, at the 
same time, be reduced to one quarter or one-sixth of the length of the hole. When the same material 



879. 



380. 



3«1. 



382. 





is met with over the whole surface of the forebreast, nothing is gained by beginning the operations 
with the three first shots mentioned above, and it is possible, without any difficulty, to blow away 
to a height of 1 8 in. to 20 in., and to an equal deptn, the lower part I, across the whole of the 
section, Figs. 381, 382. Four or five shots are sufficient for this, placed in the same line, inclined 
at 35^ or 40^, and having a depth of 2 ft., but their lower ends must not reach to within less than 
3 or 4 in. of the level of the floor of the heading. The upper part, II, is afterwards broken away to 
a corresponding depth, the shots being placed in rows, but having less inclination and greater 
depth. The upper bore-hole is horizonttd and placed 2 or 3 in. below the roof. The bore-holes in 
the lower part receive a charge relatively higher than thobc of the upper ones, and arc fired first* 
On the contrary when the nature of the rock varies over the surface of the forebreast, and when 
at the side of the breociated parts we find compact parts, we begin by taking out a key in tlie 
conglomerate before attacking the compact stone. In operating as just described the heading 
advanced at the rate of 3 ft. 2 in. in every twenty-four hours, with an avemge consumption of 5' 6 lb. 
of dynamite. In the * Memoire de M. Makowicza ' tables are given showing, for each of the sixty- 
eight weeks that the working lasted, an account of the time occupied, the number of blast holes, their 
depth, the height of the charge in proportion to the depth, the consumption of dynamite and safety 
fuse, and the corresponding advance of the heading. It will sufiice for us to say that in order to cut 
out 2604 yards of heading, to blow away the rock in the open cuttings, as well as for the 
removal of rock from a few minor excavations, for the erection of the pumps and the like, 160,074 
blast-holes of || in. diameter were required, having altogether a length of 79,290 yards ; the whole 
work occupied 434,482 hours, consumed 26,466 lb. of dynamite, and 134,320 yards of Bickford 
safety fuse. The blasting in open cuttings, carried on near the Kaiserbrunn, required eleven 
weeks and thirty men, working on an average ten hours a day, to blow away 2676 cubic yards ; 
they bored 4402 blast-holes, having together a length of 2894 yards, and consuming 1180 lb. of 
dynamite. Some of the holes were made with the jumper and were very deep, electricity being 
employed to fire the shots. 

The foreman directed the placing of the bore-holes, their direction and depth. The holes were 
bored with a drill of 1 inch diameter ; in the most compact stone, a miner, working well and able 
to keep the hole wet, bored l'()5 ft., working downwards and placed at a fair height; boring 
upwards and in a less convenient spot he could only bore '8 ft. In a less compact stone the ^^ork 
progressed more quickly, but the length bored in an hour never exceeded 1 '3 ft in the first case 
and 1 ft in the second. 

Four or five blasts were fired in twenty-four hours. Half-on-hour before each of these, the 
foreman prepared the charges and the primers. Owing to the cartridges being of the usual 
lengths, varying from 1 in. to 5 in., it was rarely necessary to cut the cartridges in order to make a 
charge. A primer was taken, and opened on one side, and, with a small stick, a cavity was made 
in the dynamite for the detonator ; this was fixed to the fuse in the ordinary wny, then introduced 
into the cartridge so that the fuse could not fire the dynamite before the explosion, which would 
give rise to objectionable gases ; the cartridge paper was tlicn turned over the detonator and tied 
on. To provide for the safety of the men who fired the shots, the fuses were from 2 ft. to 3 ft. 3 in. 
in length; the length varied between these limits so as to produce the explosion at the most 
favourable moment. At the time of charging, the hole was cleaned out and a piece of rag intro- 
duced, rolled round the end of a stick. Ti»e cartridges, always containing soft dynamite, were 
then put in, and pressed down with a wooden tamper, sufficiently hard to open the cartridge and 

permit the dynamite ^ "" ^' ' '- * '^ - ^"^ ^= ' ' ^ '-^ '" ^'^'"*'* 

in cartridges 

dispoaed, the pi 

naked lights m the heading during charging. • i u a 

The tamping should be effected as carefully and as tightly as possible. Sand is tlie best ; 
clay and ochreous earth give equally good results. Water-tamping rarely succeeds, and tlie 
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majority of the shots, so tamped, blow ont. This tamping presents also the inconTenience of 
necessitatlDg the use of an impermeable fuse, which is dearer, and sometimes very difficult to 
attach to the detonator in such a manner as to keep the water out of it. Better results are 
obtained with it in blasting in open cuttings, where the borings were deeper and more inclined. 
This mode of tamping is also defective in headings where the direction of the holes is more or 
less horizontal. The tamping of ascending holes was difficult to execute^ and ooetmuch time; it 
was facilitated by moistening the earth, or placing it in a casing. 

For firing the charge, the ordinary or waterproof Bickford fuse, and sometimes a fuse with a 
leaden case, are used. The common Bickford fuse gives the best results ; it has been noticed thai 
when covered with guttapercha it sometimes gives mis-fires, owing to the melted guttapercha 
penetrating the detonator, and thus preventing the fire from being communicated to it The lead- 
cased fuse possesses the disadvantage of giving rise to fumes of ferrocyanide of lead, which are very 
noxious. In spite of the advantages present^ by electricity, it was not in this instance largely 
adopted, chiefly on account of the inexperience of the foremen. It was employed with the Abegg 
primer, as modified by Major yon Kocziozka, to unkey the face, and excellent results were obtained 
by its means. 

When all the holes were charged, the end of the fuse was split ; planks were laid over the 
extremity of the air-pipe tu protect it from the projected rock splinters, and the workmen then 
fired the charges by means of portfires of oiled paper. Fifteen or twenty minutes were occupied in 
charging, tamping, and firing a series of shots. The number of reports were always counted, in 
order to know whether all the charges had exploded. This being the case, two men hastened to 
uncover the air-pipe, and to set in motion the fan fixed at the entrance. When the number 
of reports indicated that some of the shots had missed fire, the foreman, after waiting ten minutes, 
went alone to the heading to ascertain the cause, and if possible to reprime the charge. Some- 
times it was only necessary to relight the fuse, but more often the tamping had to be removed to 
about 8 in. above the chacge, a new primer placed in this space, and the charge re-tamped and 
fired. Each time that thishod to be done, the two charges exploded at the same moment. When 
the action of the ventilator rendered return to the face possible, the men proceeded with their tools 
to complete the work begun by the powder, by breaking down the masses which had been dis- 
placed, but not completely detached from the rock. The larger portion of the broken rods 
resulting from the explosion, was found lying in small fragments at the foot of the face of the 
heading attacked ; stones were sometimes thrown to a distance of 40 or 50 paces. To avoid risk 
of accident, the men working in every part of the heading retired to a safe distance before the 
explosion. 

In America it is the practice in tunnelling to drive headings of the full width at once. By this 
mode of procedure a more rapid progress is efibcted, especially when machine drills are used. The 
method also leads to a notable economy of explosives. The system of wide headings is very fayour* 
able to machine labour, and must, therefore, ultimately be generally adopted. The subject is more 
fully considered under ' Bock-drilling.' 

The following table relative to the blasting of one of the headings in the Hooaao tunnel will be 
found highly instructive, inasmuch as it afibrds the means of comparison between different systems* 
and gives important data whereon to ground estimates of other undertakings. 



Ea4t Heading. 



Nov. 1, 1865, to 
June 8, 1866. 

Hand laboor and 
black powder. 

Area 105 sq. ft. 



Days of labour, including foremen . . 

Number of machines sent out 

Drills dulled.. .. 

Inches of holes drilled 

Number of holes drilled 

Pounds of powder used 

Feet of fuse 

Pounds of candles 

Feet of progrcirs made 

Cabio yards of rock removed 

Giving for 1 day's labour of X man — 

Drilling machines broke down 

Drills duUod 

Inches of holes drilled 

Number of holes drilled « . 

Pounds of powder used 

Feet of fuHC UHod 

PoundH of candles used 

Feet of progress made .. 

Cubic yards of rock removed 



5,47600 

112,489-00 

255,789-00 

9,828-00 

6,563-00 

30,202-00 

2,606-00 

400 00 

1,517-00 



20 
46 
1 
1 
5 




540 
703 
795 
198 
515 
476 
0-073 
0-277 



Jane 14, 1866, to 

Nov. 1, 1866. 

Machine drlUs 

with black powder. 

Area 105 8q. ft. 



4,350-00 
979-00 

9,336-00 
161,504-00 

5,229-00 

6,313-00 
21, 951 00 

2,268-00 
191-00 
926-00 




2 
87' 
1 
1 
5 






255 
146 
123 
204 
451 
046 
521 
044 
213 
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BOILERS. 

The eeonomEeal piodualioQ of iteain ia one of the moat inTolved of problomB and eonaeqnently 
■tean) boQer deaiga ie a matter ns varied as can be. It is not onr pnrpoae here to treat it exbauti- 
tiTely, bat to illostrate Knae of the beat forms of oouatmction, wbicn have beeo practically tested 
and produced (aToamUe reanlta. Boilers are deiignated by names indicating their conatruction, 
shape, poeition, tue, or locality in which they are eitendTely made, end freqncntly by the name of 
the inrentor. 

A pair of ordioary Cornish boilers, as th^ arc ooDstmcted and set in the English connty Trom 
which they derive their name, is ebown by Pigs. 383 to 385. Each htw the following dimensions ; 
diameUr 6 ft. 6 in., diameter of fnniace tube 4 ft. 2 in., thickness of shell ,^ in., thickncsB of tube 
i in., length of boiler 30 ft., veigtit 10 tone. The ends are stayed by means of gusset stays fonnccl 
iJ.^ in. plate and double angle irons. The furnace tubes are often strengthened by means of anglo 
or y iion rings, this is desirable althoagh not adopted in the examples, Figs. 383 to 385. Tbe 
funaoe gasea are mode to pass from the tube by splittiDg the draught along the sido« ; they then 
meet under Ute boOer in the bottom flae, and thence to the chimoey. 



The Lancashire boiler differs from the Comisb, in hanng two fomace-tobes. In both types 
of boiler the shell is cylindrical, the ends are flat, and the fumace-tobes are t-arried tbrougli frotn 
front to back, below the ordinary water line, while the boilers are laid horiwintally and fln.1l int<;r- 
D>lly. Internal firing is essential either to a lAncashire or to a Cnmish boiler. If tbe fires nri< 
pntandemeathth^ are simply eitomally-firod single or donblc^flued builtre respectively. 



Larington E. Fletcher. 1 



1, described a typical form of the lAncasliiro Inilc 



the result of exteoded Cfwmtion and practical research. To Fletchei we are mainlf indebted Tor 
the following particulate, vlilch apply to tlie ComiBh builer, and to «J1 the rariatioEw of the 
Lancfiahire, as regards their setting, oqnipment. constractioD of shell and futnace-tuboa, equally 
vfilh the in^ruTitil form advocated b; Lim, which has been tct; genetall; adopted and founp 



to give satiafaolflry results. This is shown in longitudinal scctino Pig. 386, Fig. 387 is an 
end elevation, nnd Fig. 338 a trunaiefse section : it is safe for B working preesDre of from 75 
to 100 lb. a sq. in. Its stractnie is elastic, so that it nay not be rent m disturbed by the nore- 



nn>I potilnirtion ; and is so set on.l Ihc fitting* 

■:- Ihc. Kiii,].1p ri.rm. Fin. 3-iR. Of thcfc in tie 
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Qalloway boilw. Ihe farnncea matead of nmaing thrnagh fhan one end to ths othei unite in mi ovftl 
flue rfrengthened witli oonioal water pipeg. Tbit shown in plan. Fig. 389, is mada very ahort, and 
one flue \» removed and replaced with tliirty-flve tuboa, the TemaiDing flue coiitaina tlie ernle and 
ia sopnorted bj two QaUoway tubc.-i. A. large rombiKtion i^hamber at tbo bock is BtreDgthenod b; 
• thinl tube of tbe same kind. Arccaa can bo had to the tubes at the bock end througb a man- 
hole closed by a flcebrick block. Tliio boiler is adapted for use in conBned Hitiintions, and id made 
10 ai to reqnire Do brickwork Belting, the producta of combuMion lieing Icl off to a due by a hood 
of WTonght iron, »een in front of tbe tulxu to the K'ft of Fie. 369. Id Die Multitubular form, the 



fiirnacc-fnbes imilo in a combustion chamber, from which a number of small fluo tubea, about 3 in, 
diameUr and 6 ft, long, run to the bark of Ihe boiler. Hill's Multiflurd lioiler has seven fluea obnut 
ii?' ^'™''*^ and 8 lo 10 ft. long, which take the place of llio small flue tubea in the multitubular 
holler. Tliere are also others in which the fumnce-tubos braucli off to the aides or the butlom of 

ot ■ J"*'*^ of ruDDing riuht through to the back end. 

Short boilers are fouud to do more work in proportion than long ones; this has been oonfirmed 
by eiperiments on the rapidily of eTnpomtion by Chnrlus Wye Williams and others. Short boilers 
"i!" ,^f™'° '^™ "i"" '"ng ones, and are therefore iem liable to need repair. A length of 30 ft. 
should be the maximum ; with regard to the minimum, aomB l.nucnabirc boilera to suit particular 
positions baTe been made as short as 21 ft. and found to work well, though the fittinga become 
rather crowded The length recommended and now genernlly adopted is 27 ft. 

Tbo duimeter of the Imiler is governed by the size of the fumncea, which should not be less 
than 2 ft 9 m. to admit of a euilablc tliickncaa of fire and afl'ord convenience in stoking. Think Area 
are more aoonomical than tiiin ones. The apace between the two furnace-tubes abould net be leas 
than 5 in., and that between the fiirnuoe-tubea and the tide of the shell 4 in., in order lo afTord 
""■Tt"'*"' apace for cleanine and for the free circulation of the water, as wtti aa to give aufBcicnt 
width of end plate, for enabling it to yielil to the oipansion and contmction of the furnace-lubes. 
With thia width of wnter space, it will be found that furnace-tubes having a diameter of 2 ft. 9 in. 
require a shell of 7 ft., which will afford a headway of about 2 ft. 9 in. from the crown of the 
furnaces to the crown of the shell A furnace 3 ft. diameter gives room for a thicker fire than one 
2 ft. 9 in., but it reqnirea a shell 7 ft. 6 in. diameter. For high presanres, the smaller diameter of 
7 ft is gpiierally preferred, and is adopted sa a standard size for mill boilers throughout Luncoshire, 
thougb one of? ft. 6 in. makes a good boiler and gives a greater Ind. H. P, to tiie lineal foot of 
frontage than one of 7 ft. The diameters both of the ahell and of the fuinaco-tubes ere mefiaurod 
intcmally, thiit of the ahell being takLD at the inner ring of plating. 

The ends, more eapteiaiiy tbe front, are the seat of the grooving action which occurs in 
Lancaahire boilers when diB]>roportioned. These grooves occur inside the boiler and nround the 
furnace mondi. They are the product of mechanical and chemical action combined. The plato is 
netted by being worked backwards and forwards by the movement of the fumaco-tuboa, consequent 
on the action of the fire, and when in that condiiion is attacked by the water. To prevent tliis 

Cving. the ends should bo renderrd elastic so as to enduro the buckling action williout fatigue. 
ecnre this elasticity there shoulil be not only a sufficient width of end plate between the two 
furnace-tabes, as well as between tliera and the shell, na already Piplained, but also a apace of 9 in, 
between the centre of the bottom rivi^t in the guaaeta and those at tlie furnace mouth. Five gusaot 
stays are found to work in bettor than any other number. With five gussets, one falls on the 
centro line, whicli is not onlythe weakest part of tbe front end plute and Ihiis where it requires tbe 
mnat supiiort, but also where it can be held fast without reniating the inovemeiita of Ihe furnace- 
tubes. The part of the en<l plate that should be left free is thut immedialely over the ftirnuco 
orowQS. With four gusaeta, the end pbito is mi're nngunrdid at the centre, which is the weakest 
port, and more confined iromediiilely over the furnace-tobes, which U the line of motion. 

The thickness of the end plates is sometimes aa much ns } in. for pressurea of 60 lb. a aq. in. 
This thickness however is qnito nnnim'saary, and only tends by its rigidity to cramp the fumiioe- 
tnbes and strain the parts. Half an inch has been repcntolly and surceasivcly adopted m boiiers 
r>r prentires of 75 lb. a sq, in,, and ,^th in. when that pressure has been exceeded. These thick- 
oeases have proved amply auffioicnt, , , , , 

Longitudinal staya arc frequently introduced to assist tbe end plates, though not ahaolnlely 
necessary where the gussets are substantial. They are shown at B in Figs. 396 lo aSS, and are 
aecorod at each end with double nuts, and placed H in. above the level of the furnace crowus, 
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as close togother as convenienoe will allow. When placed direcily oyer the ftirnace crowns, and 
only a few inches above them, they confine the furnace-tubes too strictly, and straining ensues. 

To increase the elasticity of the front end plate, it should be attached to the shell by an 
external angle-iron, mther than by an intemid one or by flanging. It is not neoessarr to attach the 
end plate at the back of the boiler with an external angle-iron, and when this has been done, the 
anglo-iron has been found to be injured by the action of the flame. 

Both of the end plates, instead of being noade in two pieces riveted together at the joint, are 
welded, in the boiler, Fig. 386. This afforcfs a flat surface, which in the case of the front end is 
more convenient for the attachment of the mountings. Also both of tliem are turned in the lathe 
at the outer edge, so as to be rendered perfectly circular, and are bored out at the openings for the 
furnace-tubes. 

The longitudinal joints in the furnace tubes are welded when the plates are of iron, and donble- 
rivcted wlien of steel, each belt of plating being made in one length, and thus having but one lon- 
gitiulinal joint. All the transverse seams of rivets are strengthened with Adamson's flanged joint, 
or with an encircling hoop either of Bowling iron, T*ii^°Y ^^ other approved section. Adamaon*s 
flanged scam is shown in cross section in Fig. 3U0, the T-s^™* ^^S' ^^^ ^^ Bowling hoop. 
Fig. 391, and the Bolton steel hoop, Fig. 393. One of the evils that has attended intemally- 



390. 



391. 



392. 



393. 






fired boilers has been the frequent collapse of the furnace-tubes ; but this danger \b completely 
avoided by strengthening the tubes as just described, whereby, instead of being weaker than the 
shell as before, they are rendered btronger. This has been shown by experimental bursting tests, 
in wliioh, while the shell has been burst repeaterily, the furnace-tubes have not suffered at all, nor 
shown any movement on being gauged. In some cases Petrie's water pockets, Figs. 895, 396 
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and in others Galloway's conical water pipes. Fig. 394, are introduced as a precaution against 
collapse ; while in others again the water pipes are made parallel, as in Fig. 388, and either riveted 
or welded in place, so as to form one piece with the flue tube. In all cases, however, the transverse 
frcams of rivets over the flre should be strengthened with flanged seams or encircling hoops ; and it 
is desirable to continue this mode of construction throughout the entire length of the boiler, whether 
water pockets or water pipes are introduced or not 

The thickness of the plates in the furnace-tubes is sometimes as much as \ in. This leads to 
violent straining and frequent leakage at the furnace mouths, and other transverse seams of rivets. 
Many furnace-tubes 2 ft. 9 in. diameter, though only A in. thick, have stood a hydraulic test of 
120 lb. on the sq. in. without movement, and have worked satisfactorily for years at a steam prt-s- 
sure of GO lbs. It is advisable, however, to have them a little thicker than this, in order to affbnl a 
margin for waste through corrosion, and also, when the flanged seam is adopted, in order to allow 
for the thinning that occurs in drawing the metal to make the flange. A thickness of f in. is suffi- 
cient for a working pressure of 75 lb. on the sq. in., ^^ in. for a pressure of 80 lb. or 90 lb., and 
^'o in. for 100 lb. on the sq. in. 

Stays are sometimes introduced for supporting the furnace tubes. Such stays, however, in the 
LancaKhire boiler are unnecessary, and when rigid are decidedly objectionable. Fumaoe-tubos 
should be left free to move. As soon as a fire is lighted within them the top of the tube beconie« 
hotter than the bottom and elongates. This makes the tube arch upwards. Fumaoo-tubes tyod to 
tlic nhell ofti'U t»'nr away from it in work. 

The shell, which is ^'^ in. thick for a prcEsure of 75 lb. on the sq. in., and ,•, in. thick for a 
presxuro of 100 lb., is composed of plates about 3 ft. wide, which are laid in not more th«»u throe 
lengths round the circumference, in order that the longitudinal scams may okartho brickwork 
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aeatingiL The lo Bgit m thi al «■■■ wn m mt m^ c J as to hnak jaat, wmd awadtlie c«ntnfr Kne >lo^ 
tiie top and boitoB of the boiler. 

There is no steam dcme in flie boila; F%. 38GL F Vlch g co M sdc iB stean doBBi ciMnnvew 
weaken the shell, and ofien fsife liooble frooi le»k»^ at the faaae. Added to tUs they aie 
inoonTenient in eaniage, as veO as in ivRilTinir a botlo' on its seat, vhidi is s u s i i Hiiiies desirable 
for repairs ; thej are iJ<o ineoovenient in oovfxin^ tiie botkr owr, aad in the great majuntr of 
casea, if not in every fnetsnee, they are for alataaaaiy boilas petfectlr useless To prerent pnming^. 
ao internal perforated pipe C, Figs. 38RL 3S8, is adopted in pbkoe of 'the dome. 

The manhole D, Fig. 386^ is goarded vith a laised Boathpieee of wroogfat iron, welded into one 
piece, flanged at the bottom and aftarhed to the boilc-r with a doable row of rirets^ the thickness of 
thenpperflangebeing{in^aDdef the body fin. Tlds has been foond to stand a test of 900 IK 
OD the eq. in. without the slightest indieatioQ of stzaxning. It is too frequently tbe pnctice not to 
strengthen manholes with any monthpieoe at alL llany explosioQs hate aiiaen firom this cause, 
rents starting in the OaA plaoe from the unguarded manhole, and then extending all over the boiler. 
The loss of strength is owing not only to the km of metal cut away by the opeuing, but also to the 
action of the ooTer, which in unguarded manholes is gvoeraUy intnnaL TMs internal odtct bears 
on a narrow edge of plating all round, and is driTcn outward by the pressure of the steam, and also 
pulled in the same direction by the bolts in ti^tening the joint In hei the cover acts as a anrt of 
mandrel, which being forcibly drivoi throngfa the manhole splits the boiler open. A heavy 
hydraulic test shows this actkm of the oover, by eurling the bcnler plate up around the manhole. 
Added to this, the joint is apt to leak, and thus to indme oonoeion and thin the plate, which not 
only reduces its strength, but leads to extra force being af^ed to tighten the joint. It has 
been the general practice to make raised mouthpieoes of cast iron. This, however, is not 
wise for the high pressures now in use. A rused manhole having a dear opening of 16 in. diameter, 
which is the usual size, involves a hole in the shell plate at its base of about 20 in. diameter. The 
plate in which this hole is cut, unlem it is duly strengthoied, becomes the weakest pari of the 
boiler vrhen the longitudinal seams are double-riveted, the furnace- tubes suitebly strengthened 
with encircling rings, and the ends well stayed ; so that the stability of the entire stnioture depends 
on the manhole, if that fails, the whole structure fails. Under these circumstancee it is evidently 
unwise to risk the safety of the boiler on a piece of cast iron. 

Tiie mudhole A, Figs. 386, 3S7, at the front of the boiler, beneath the fumace-tubea, is also 
fitted with a substantial mouthpiece. This in some cases is external, like the manhole mouthpiece, 
and in others internal, as in Fig. 386. The internal ones have the advantege of hiring less 
in the way. In either case the surfaces at the joint, between the body of the mouthpiece and the 
cover, are faced true, so that the parts may be brought together metal to meiaL 

The safety-valves £ and F, and the steam stop- valve 6 are fixed to the shell, each with ite own 
independent opening, and not grouped upon the manhole mouthpiece as is sometimes the case. 

In old-fashioned practice the fittings were bolted directly to the cylindrical portion of the shell. 
This led to the wasting of the shell through leakage at the jointe ; so that it lias long since been 
the practice to rivet short stand-pipes to tlie cylindrical portion of the shell, and bolt the fittings 
thereto, the joint surface between the fianges being planed up true. These stand-pipes, fVequeiitly 
termed fitting blocks, are not only more convenient for the attachment of the fittings, but also, 
being riveted to the plate and mode of substantial section, strengthen the plate round the holo cut 
in the shell. They are as a rule made of cast iron, but it becomes a question whother, with the 
high pressures now in use, they should not be made of wrought iron. 

The seams of riveto running longitudinally in tiie cylindrical shell are all doublo-riveted, with 
f in. rivete, pitehed about 24 in. longitudinally and 2 in. diagonally. The remaining scams 
throughout the boiler are siogfe-riveted only, the rivets being 2 in. pitch. 

The riveting is done by machine in preference to hand in the cylindrical shell, in the Aimaccw 
tubes, and as far as practicable in the fiat ends. The rivet holes in the angle irons, T-irons, and 
flanged seams are drilled, those in the plates being punched by most makers ; though by somo the 
holes are drilled throughout, and the practice of drilling is strongly advucated bv them. Tho edges 
of the plates at the longitudinal seams of riveto are planed and caulked lightly, inside as well ai 
out ; though in many cases caulking is superseded by fullering. 

As a rule, boilers of this description are of iron in the shell, while steel plates aro ftroquontly 
introduced in the furnace-tubes for a length of 9 ft. over the fire, and sometimes twm ono end of 
the boiler to the other. For the furnace-tubes steel plates have been found to answer woll, but 
•* best best " iron plates from first-class makers are employed for shells, more Importanoo boinir 
attached to their ductility than to their tensile strength. Brands, however, are uncertain, and It 
is desirable that a complete system of testing should be adopted hofore a boiler is made, ono plato 
out of the set proposed to be used being tested as a check, the investigation having special roforonoo 
to ductility. Low Moor rivete are frequently used. •, a i mui i 

The fittings are so arranged, that those requiring frequent access are Immodlately within roach 
of the attendant, when standing in ftont of the boiler. The feed is introduced on ono side of tho 
front end plate, about 4 in, above the level of the furnace crowns, an internal clIiiiHjrBlng pjiw H. 
Figs. 386 to 388, being carried along inside the boiler for a length of about 12 ft., iitid iH^rforuUM 
for the last 4 ft. of its length. On the opposite side of the ftont end plate is fixed tho souin tup. t<» 
which is connected a series of sediment-catehing troughs K. Fig. 888, fixed innldo tho bo!li«r. In 
the centre of the end plate are two glass water-gauges J J, Fig. 887. so thot ono may iiot iw a chooU 
upon the other, a pointer being fixed to show the correct height at which tho wiiti-r •lioul.l ho k.;|jt. 
Immediately above the water-gauges is a dial pressure-gauge, and alwvo tliat a doad-wi. ght wilyty 
valve B. Thus whenever the attendant opens Oio furnace doors to ohnrgo tho "/*7','»';, "»"/"» 
height of the water and the pressure of tiie steam directl v before hira. Under h s cmI « ho hl.»w. 
out top, and behind hun tiie coal supply, so that everything is roady to hand. Ho hu- not t** lOI mh 
a bidder in order to reach the water-gauges, or ascertoin tho steam pro-Muro, nor to mount on tho ti.p 



e two safety-TalTes, one & dead-weight 

«innr iS, the other a low-water valve F, Fig. 38G. 

But convenience in nmnipuliitioii is not the ouly rooson for thia u 
feed is cilU nnd introiluced near tlie bottom of tlie bolter, it is apt to incTara local ci 
Btroin the tiaDavi'riiH Boams of rirt^ts at the bottom of tlia ahell; but when introducod near tlie 
surface of the water, and pa^sud through an interniil perforated pipe, it becomes disperaed befuro 
fLtlJing to Iho bottom. Furtlitr. although non-return valTes may be iutroducc<l. tbty will aometimea 
fiiil and permit the water to e^ti'ape, ollowioe the furnace crowns tf> become bare and overlieated. 
When tlie feed inlet ia plticed above the level of the furnace crowns, it will bo aeen that they 
cannot be drained bnro by leoktige at the non-rotum ralve ; but when placed at the bottom of the 
boiler, the boilur may then be emptied by mich an occurrence. 

The ftirnaca mouthpiecee N N, Fig. ^7, are of wntuglit iron, finished off with a braaa beading. 
And kept within the circlu of the rivets, w as to Itave tiiem exposed to view. The flredoon are 
fitted with a sliding ventilating grid on the outsidf, nnd a perforated box baseplate on the inside:, 
the aggrejiato area o( the air passages being about 5U sq. in. for each door, or about 3 aq. in. to each 
eq. ft. of fire^tate. The firegmte is 6 ft. long, with the bars in three equal lengths, about ^ in. 
thick, and apaijfd J in. apart. The henrors consirt of two wroiight-iron bars, carried on wrougbt-iron 
brackets, rivtted to Iho siiies of the furnace-tubes. The standard length of grate is S ft., but ft 
shorter one is productive of economy, though the concentration of the fire is more trying to the 
boiler, nnd has btCD found, where the feed water has not been good, to injure the furnaoe plalea, 
and rtnder leugtheoiOK the grate necejisarf. 

All coDoeclion to boilers should be elaslio, so as lo nllow of their movement. If the main 
Bteam-pipo is carried across the boilers and bolted direct to the atenm inuction-valve, the joint* 
are strained by the rising and falling of the boilera,as they ore set to nortt or laid off. To prevent 
this, a apring length should be introduced between the stenm stop-valve G aud the main ateam- 
pipe, as in Fig. ^C Where the main steam-pipe has a considerable length to travel to the engine. 
It ahould not tie token in a direct lino, but sliould either be carried round the boiler house or be 
led in a hotsc-slioe shaped course, lo give elasticity; this is better than iDtrodaciug an etpSDaion 
juiul, which is not always reliable. The ficd connection should be elastic : for this purpose • 
copper olbow counecting-pipe P, Figs. 3B6, 387, is introduced between Ihe main feed-pipe and the 
stand-pipe : in some cases a wrought-lroti borce-shoe shajred pipe has been adapted instead with 
very satisfactory results. 

Counections between the stenm stop-valve and main stcom-pipe are frequently mode to inclloe 
npwanis, but Ihe steem-pipo should drain towards the engine, and not towards the boilers, its DoutM 
being intercepted by a separator, fixed as near the engine as convenient. The principle oD which 
these separators act ia that of making the steam take a sharp turn, bo as to shoot off the water 
mixed with it into a catch -chamber prepared for the purpose. 

The weight of such ft boiler as that in Figd. 3St> to 388, when 7 ft. diameter, £7 ft. long, and 
made of plates -^ in. thick, is about 12 tons without fittings; with fittings lA^ tons. 

It has a healinff surface in the eitrma] shell of 370 sq. li. ; in the furnaee-tubes, withoni water 
pipea, 450 sq. fL ; in the water pipes 30 sq. ft. : making a total of SSO aq. ft. The firegrate haa an 
area of 33 aq. FL ; this given for over; square fnot of firegrate 2G sq. ft. of heiiting snrlaos. 

In feed-water heatirs t)ie surface varies : sixty pipes, each affording a heating surface of about 
10 B<]. ft., BIO frequently introduced for each boiler, making a total heating surface of 600 sq. H,, or 
about thrce-fouitba of that in the boiler. 

From 15 to 20 tons of coal in a wtek of siity working hours, or fh»n 17 lb. to 23 lb. to each 
sq. ft. of firegrate an hour, mny bo burnt in Eudi a boiler without diBlressing it or making smoke, 



all that is neeilcd it to maintain a p:on<I thicknoss of fire, throw on tiio coal little and oflen, ftdmit 
a Utile air above the hais for a short time after tiring, and avoid the use rif the rake. The cool nay 
eitlxr be spread over the whole surface of Iho fire, or thrown at alternate Sjings firal to oDa side ot 
Ihe fumuce and then to the other, on the siilo firing ayslcm. 

Tlie boiler, Fias. 3tt7. 398, is of Ihe form designed by Fairbaim. with a view of securing gre^t 
strength and cxtcndol heating aurfucc. That si'en in the figures ia intondod for prcnurea np to 
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150 lb. on the square in. It oonauto of three extsrior wroaght-iroQ tabes A A, 22 fL lung and 

3 Ft. 9 in. diBRietoT, two of them baring iDteroal tubes, B B, of the Mine length b^ 2 ft, it in. 

diameter, containing the furnaces C. Tlje flames paaa aloiig the entire lengths oF tba fumaoea to 

the ends, wbfre the; Cbmtiine, anil tit- 

turn orer the top of the lower tubes, ^'■ 

and alone tbe bottom of Ibo upper tube, 

which is half fall of water, und tbence 

paaeing dowDwarda below the lower 

tnbee to the flne. 

Circulation ii maintained by means 
of six connecting tnbea D D. arranged 
along the lEngtb of the boiler. The 
fariiace Bnt» aro attached to tbe two 
bottom tnbea by faced joiots and screw 
bultH at each end ; internal rollera are 
also attached to tbe bottom and sides, 
and, bj unscrewing tbe bolts at tbe 
ends, the flues may be witlidrawn, thns 
renderiog the ioteiiors of the tnbes 
accesaiblu for cleaoiog or rcpaira. Soch 
boilets generate steam rapidly, bat are 
tODiewhat eiponsive to manufacture. 

Boilere designed witb Ibo tiro-fald object of small water-space and eninll areas exposed to 
preesiue, occopjed much attention wlieo high pressure steam was first used, ai-d have agjin come 
into favour from the prored economj of higher preanutu of steam than are safe with ordinMry 
bailers ; ther tbercfure deserve 
otreful consideration. Tbe objects 
aimed at in boilers of this class 
are, to remove danger by avoiding 
large accamalations of highly 
heated iralar, and to make the 
parts BO small as to avoid severe 
stnuDs on the material of con- 
stmction. 

Some of the earliest bigb- 
prcsanre boilers were made nf 
cast-iroD pipes of small diameter, 
as in the early Woolf boiler. 
Fig. 399, which consisted of a 
layerof horizuntol catt-iron pipes, ^ 
12 in. diameter, exposed to tbe i^ 

direct heat of the firo eitcmally, ^~~v 

connected above to a larger pipe 
and thie again to a steam re- 
otiver. Id this boiler tbe prin- 
ciple of employing small water 
spaces, and areas exposed to preesore, wsi 
joints rendered them neither durable nor sa 

When looomotivee wer« first employed 




well mrrjed oat, but the mode of constrnctiog tbo 
ra tiie common rond^ some Ingenioas forms of tube 



boilere were designed, sneh as Hancock's, Fig. 400, wl.ioh consisted ot a «» f^ 'f"^,™^ ","T^ 
iron tnbes H ^diameter, annngcd in ^rallel rows, («cb tube having a «nall Rne-t^e Zu 
diameter posing through it, for increasing the hoatii.g sarfeeo, as in Figs. 401, iiw. 
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tabea were conneoted togethei bjr gmatl feed and lAetm pipes, and commnDieated with t, ileam 
recoiTer on tlie top, and ths whole was enclosed in aa external iron caainK. Another anange- 
ment for a aimllar purpose waa Ogla'a boiler, illuatretcd at p. 432 of this Dictionary. Both tlutae 
plana of boilera were used with Huocess, and attempts were also made to use a set of thia flat 
cbambcra, as in Houcock's boiler. Fig. 403, connected together at top and bottom by a oingla steam 



James' boiler, Fig. 405, already describtd at page 430 of this Dictionary, wae oompoecd of a acriea 
of annular cast-iron tubes, about 6 in, Mq. in Bocbion, and 3 ft. diameter inside, whuJi were placed 
side by ride, and oonntctcd together by a water pipe lit the bottom and a ^^ 

etaua pipe at the top, its in Fig. 40G; the caalriron tubes thus forined a 
cylindrical space, within which the fire was placed, the whole bciug enclosed 
within a metal case. 

When it was found that vessels of lurgn diameter could be mode of 
rircled plales. and capable of standing high pressures, the early small 
wHtcr-space boil^n fell into diafaniiir, and the few then designed were little 
used. It has only bt'en recently that the principle of small water-apaco 
boilers has boon renved, in ooDscquenoe of the rapidly growing demand 
for higher pressures of steeiD than ore admissible with the ordinary Isrgo 
boilers; and the following examples will serve to illustrate briefly the wry 
ingenious principles of construotion that hare b<?en brought out for this 
purpose. Une of Che earliest was Perkins high pressure boiler. deMribed 
at pace 465 ot this Dictionary ; boilers on this ^an are still at work. 

The oonstmotion of the improved Perkin« boiler, as described by the 
invonloiin 1877. is shown iu Figs. 407, lOS. The horizontal tubes are Ij] in. 
internal and 3 in. external diameter, excepting tliu steam collecting tube^ 
which is 4 in. internal and 5} in. external diumetor. The horiznntal tabes 
are welded up at each end | in. thick, and connectod by small vortical lubes. 
Figs. 409, 410. ot I in. internal and I A '"■ 6'''^"'*' diameter. The firebox 
is formed of tubes bent into a rectangular sliupe, placed II 'i' apart, and 
connected by numeroua small vertical tube* J in. diameter. The body ot the 

boiler is mode of a number ot vertieol sectious, composed of cluven tubes, connected at each end by 
a vertieal tube; these secliotu communicato at bolb ends by vertical tubes with the top ring of Um 
firebox, and to the steam collecting tnbc. 

The Pcrfcini vertical connecling pipos are screwed into the horiiontol tubes with right^nd-lctt- 
hand threads, in the ease of all the tubi'S forming the separate vertical sections above the firebox. 
being screwed almultaneously into (lie upper and lower tube, at A A, Figa. 409, 410. The ring 
tubes forming the firebox are connected by backing-out joints, like tliosc used in making gu« 
oiiuncctlons, the connecting pipe being screwed with a right-hand thread at both ends, as at (} 0; 
in putting the rings togetlier, the short connecting pipe is first gcrowed Dp into the upper ring to 
double the required distance, and tlien backed down into the lower ring ; so that, whichever way 
the mnnocting pipe is lumtxl. it screws itself in at one end and out at the other. This anangement 
affords tho means of taking out and replacing any one of the ring tubes fonaing the firebox, 
witbODt altering the vcrlieol distance apait. between the adjacent tubes abnve and below. For 
connecting the main a ctions ot the boiler with the sleam oollecting tube at top, and with (be 
flreboi ring tnbe below, a differential joint B is used. A separate short pipe is screwed right-hand 
into Guch ot the tubes to be lounecled, the threads being 15 to t)ie in., as in all the rest of the joints 
tliroiighout the boiler; and tlicao two connecting pipia are united by a coupling socket, sercwiil 
sight-hand at l«th end-, hut with U thnads to the in. at the lop end and 15 at (be bottom : this 
lucket U fifat screwed down to double the required distanco upon tho lower connecting pipe, and 
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tbcn booked npwudt npon the nppcr, the dlOMential thiMd bftving tho efiect ofdnwinic together 
Iho two enila of the nnneotitig pipei, mi tbereb; eomjiraniiig « copper waaher inaected betweeu 



them, to form a perrectly steam-tight joint. A]] the 
nrewed joints iotu tlie tubes ot tlia boiler are made 
tight b; caulking, ftfler beiiig screwed vp. The 
differeotial joints ailmit of taking oat and teplaoiiig 
anj oDe of the aections of the boiler ovet the Are, 
wilhoat interfering with any of the othera. 

The whole of tbe boiler is sarroimded by a double 
eiuing of thin sheet iron, filled up with vegetable 
black tu atoid loss of heat. Every tube in sepantcly 
proved by hjdnulia presgure to 4000 lb. on the 
■q. in., and tlio boiler in its coniplBte state to 
2000 lb., this pressure remainiug in for some hours 
wilhoat ihowing any eigns of leakage. Eipi'rietim 
of a Tory estensite ohiunoter baa proved that this 
construction ot boiler can be worktd »fely, with 
great regularity, and without priming, and that tbe 
ateam prbdaced is remarkable for its freedom from 
moisture. The area tlirnughthe vertical coimecting 
tubM is found ample for allowing of the free 
eaoipeof thesteiim, and for the prevriition of injury 
^m overheating of the tubes in contact with the 

Combinations of small wrought-iron tubes have 
been employed in various ways for boilers, and au 
example (rf' one arrangnment is tbo Bi: I leville boiler. 
Figs. 411, 412. This coasials of a series ot 
parallel horizontal tnbes about 4 in. diameter inside, 
each of which is carried np from the bottom lo tbe 
top of the boiler, by a Buoco.-aion of licnds overlying 
{ounc, from tho feed pi^ 
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Another armngemenl ib the Jordan boUer, Fiw. 413, 414, oonsiBting of rowi of yertieal tnboa 
8* in, intemiil diameter, connected together in eaoh row at top and bottom. 

A boiler on an entirely different principle of oomtruotion ia the Hamson boiler, l^LgB. lio, iio, 
which ii coinpoflod eDtirety of ft number of Bniall hollow caat-iron balls of 8 in. ellernal dia- 
meter, caat in aeta of four balla, and ftrranged in parallel inclined lines ; the balls in ^h line are 
n throughout, and are strung together upon a long bolt that ib ecrewed up a» -"•• 




end; the several lines of balU communicate together in vertical rowB. Fig. 416. ThU plan of 
boiler is in conaiderahlo nse in America ; but it has not proye.1 BupcesBful in England, owing 
to the trouble caused by the liability of tlio cigi-iron bolls to split in working, and the di^lay of 
removing and replacing them, and also in conscqnence of tlie difficulty of keeping all the 
numemus joints steam-tight. The castings are all mado with ftioeii joints, finished to an mart 
gauge and fitted together metal to metal ; and the tery accurate adjustmouts that have conseqaenll; 



to be maintained thronghout, for keeping all the numerouB joints steam-tight, ia liable to be 
disturbed by irregular eiipaneiun occurring in working the boiler. The shape of the balls la also 
found objectioniible, in conge<iQonce of their Forming a eucceiwion of pockcia tlironghuut the water 
■pure, and tJliiB serving for the retention of deposit. 

Anotlier novel boiler ii that of Benson, shown at page 474 of thia Dictionary, and to whicb 
we ne(-d not further allude. 

Tlio di^mand for steam flrccngioes led to the inlrwluction of boilers^Cor generating steam very 



npidly. and having si 



mgiiig down iulo tlio fire with tlicir lower euds clown 



ul, cau-ing the tubes to bo overiieati'd and conscqufutly (o get out of thape and 
become leiihy. Thia dilHcuUy wiis then overcomt- by obtaining a continuous circulation of whIit in 
the tubis, by llio iiitrmluctian of small internal circulating Wbi's tlironich which a down current of 

'"' '"" is scoured from tho rtservuir above, nndisturbed by the rising steam in the upward 

' unnulur space. 



it of Wtcd w 



The cfTooletion action wu rendered more oert»in by the fuanel-tbaped top of Uie internal 
Field tabe shown nt p. 472 of tliis Dictionarj. This plan has alto b«eu uac-d to a considerable 
extent aa an addition to ordiuarj large vater-epoce builen, for inoreasiDg their heating eurfaco. 



In the Howard boiler, p. 4G9, a seiieg of 
ftonzontal wroughUron tubes of O aection 
«»o arranged longitudinally in a layer over 
the Are, and on each of Ihom standa a row 
of yertical wronghl-iron tobea. each con- 
taining an internal circuIatiQi! tnbe, F'lta 
417, 418. The vertical tubes are abiut 
8 in. diameter, and are screwetl into the 

■ ,' k. v^ '''*'^*^'°'" ''<'"=»i'»l tubes; tliey are cloeod at the top with a solid welded end, 
iDio wnicH a short piece of gus pipe ia eotewed, oonnecting eaeli row of tabes to a horizontal 
steam pipe above. 

The Allen boiler. Figs. 419. 420, which is in use in America, "'■ *■"■ 

hasasenesof rowaof pendent inclined tubes about 5 in. diameter, Q 
closed at the bottom, and all eipoacd to the fire. The tubes in If 
eadi row are connected at tiie top by laiger horirontal tubos, '^ 
which oommnnitate with a steam receiver above: the inclined 
tnbea are filled with water, which also half flIU the horizontal 
tubea. There aro not any ciroiilaling tubes witbin the ponileut 
tnbai, but thewt are placed inclined witli the object of obtaining 
a «culBtion, by the feed waler deecending on one Bide and the 
stcsm ascending on tliB otbtr side. 

Figs. 421 to 423 are of Firmiuich's boiler : Fig. 423 and part 
of Kig, 42a are tranaverse seitions ; Fig. 421 a longitudinal view, 
with part of the brick casing removed, and the riglit baud aide 
« JTig. 422 a half front elevation. The boiler consists of five 
honionlal tubea, the upper one of which is used as a steam 
chamber and is connected by two short pipes on each side to the 

T!' '" ^^ '°P °^ '"*' ^''^'■- ^^^^ '"'t*' '"" f'"'"*'! 

with a flst portion underneath, and oorrespond in section with i 
tlio two under tubes. The lower end upper sections are connected \_. , , 
with doable and parallel rows of tubes, converging from the lower ^"^ 

to the upper horizontal tnbeo. The lower tubes are connoete.l with a hnriiontal circulating pipe, 
and at the rear of the boiler are blow-off and feed pipes, Fig. 421. There are altogethor ono 
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deflecting vftlle, to prevent the direct cecape of the beat from the faniEK^. Our Sgorcs aro of an 
eiample wbich was exhibited at tlio rhilaili'lphta Exhibition, which waa rated nt 100 h<>r«e-powcr. 
A cluB of bullcra hag been made in which the water space ih reduced b; the introduction of > 
larg^ steam space in tlio interior of the water, or by having a series of oonoentric chainbors of 
water and steBin altematelj; but as in nil Buoh cases there is still a single eilomal cflindrical 
shell of large size, tbe^ botlcrs arc similar to ordinary largo boilers, in their eiposnro to risk of 
eiplodoQ from high pressure acting upon a large extent of surfaoo. 



The following Table, dae to Charles Cochrane, of Hiddleshorongh, to whose reseaichra wo aro 
prindpall; indebted for the tnformation here given on tnbe boilcra, aflbrds a comparison of tho 
water contents in several constractione of boilers, in rehition to their respective heating siirfaces : as 
the basis for the comparison, an ordinar]' Comieh boiler having 500 sq. ft. of heating ■nrfuiM' i* 
token, the dimensions being about 80 fi length and 6} ft. diameter; and the SBmo extent of 
heating sortacc, 500 sq. tl^ Is assumed in each of the other builora. 

Proportion or Water Cohtentb to Heatwo SimrAci in Botubb. 



Cliironej 

Balloon 

Funisco 

Cylinder 

l^mcashire 

Comish 

Lncomntive . ^ 

Tube Boilers, avprnge 
Slcam Fire Engiuea .. 











500 


J 120 


3,000 1 


, 25 X 5, 2J tiilK^ 




1005 


10,000 ' 


' Ux i9. 




909 




25x9*. 




775 








404 


2,700 ■ 


28 X a. 2} tub.* 
30 X 6i. 4 tube. 


500 


875 


2,800 






360 ■ 


10 X 4. 


600 


40 


760 ' 


; 60 tubea or more 



From this Table it will be seen that whilst the Comifh and Lancashire faoilen have about 
400 cnb. ft. of waler for the ,100 sq. tl. of hiating snrface, the Furnace, Balloon, and Chininrf 
builera bare more than double the proportion of wfter contonia, but tu the tube boilers the pro- 
portion anuinnts to only one- tenth, or 40 cub. ft. of water. 

Boot's boiler consi-U entirely of a series of Himilar wnninht-iron tnliea A A, Figa, 421, 42.%, 
atraiiged in parallel layers with clear gpiuxw betwicn all tiic tubes, and the tube* in each layer ar*- 



couple e«eh tabe both Ui tbo one below and the one above, 
Mtioo, in ft tig-tag directiua, between all the tubes ■□ each 
chuaMT ii direoUf below the boiler, and eitendB to the mm 
and heftted gaeea p(u» up between the tnbei, and escape at a 



,Fig,426,whicl 

fonn B continnouB combinni- 

Tortica] row. The furuaoe 

idtli and length : and the flame 

I F at the top, which pasBet down 




Hue. Id puilif lte« Ih. tnmra to lb, «jlt Hoe. by tbio« l.gbl oul.r™ de«eoli«jpbjM D, 

lenjrtb from eitber end alternately. , ,. . . ,v i e i_ ;_ 

Tbe tnbea are wrongbt-iron lap-welded tubea, 4 in. ellernnl d.ametet in tbe lower rowt, 5 in. in 
lb. npp» ™.^ and SB. long. W u. ..B.ed al neb end ..In . „naro e^hron b«d H 
pbmaSlher™raid»,and lni.bodto.nnlfornigan|^oI7( in. wrdtb andS in. beigbl Tlebnid. 
ETjBrf S»» tJSir, metol to m.t.1, in Ibe boilM. «> a. to form tbe front and b«,l. .all. of 



160 BOILEBS. 

the boiler acttiog, FJgB. 424, 425. Each of the tube hcadi has two ciranlar oponiagB on the outer 
&oe. one above the otber, Fig. 426; aod oblinue hoUow casl-itoti caps C are fitt^ npon thcae, 
to forth the conneotions to the adjoining tubes above and bolow. The joints ftr (heao caps are made 
each by a single indiambber washer | in, thick, fitted into an annular reoesa, and secured bj ■ 
ouuple of T-headed boltx, fitttag into saugB ouet upon tlie tube }ieails, with uuta outside. 

The tvo sides of the boiler are encluBed bf brickwork, whioli is carried down to form the wmlli 
of the fuTuace ctiambei below ; and the top is coveted in bj fire liles, lestiiig on transverse iioD 
girders, with a ooating of sand or ashes above to keep id the beat. A row of cleaning boles J J, 
closed b; stoppers, is formed at each end of the boiler, extending ap each side, and serving for 
examining the boiler, and for cleaning the exterior of the tubes from any deposit of soot and doit. 
This denning is done by a small steam jet from a Beiible pipe, which is inserted in the several 
cluaning boles ; and by this means the boiler tubes are readily kept clean, and the passagea between 
them prevented from getting choked. Each end of the boiler is enclosed by a pair of iron doors for 
the purpose of protection. 

The water level of the boiler is at abont twO'thirds of the total height. The upper tubes ore 
nsed as a steam chamber, and communicate with an external steam receiver E, 12 in. diameter, 
which extends acroas the tjip of the boiler. The connections from the several tubes are uude by 
ttips, fitted upon the top tnbe-heads in eiaetly the same manner as the rest of the coanecting caps 
C. There are 90 tubes in all, having a total heating surlaoo of 920 sq. It, and S8 cubic ft. ooutenta 
of water including the end oaps. 

The blow-off and feed, Fie. 424, is arranged so that the blow-off pipe* all dlecharge into Mie 
transverse mud-dnim H, ana a nngle blow-off cock ut one eud of the drum is connected to an 
internal pipe within the drum, which has an opening opposite eaoh <k the branch blow-oS' pipes. 
The aperture of the blown^cock ia made larger than the collective aroa of the holes in the internal 
pipe, to ensure blowing off simnltaacously from the whole of the loner row of tubes to the full 
oxtenl The food L is intioduced in the bottom layer of tubes at the opposite end to the blow-oR^ 
and the feed pipe ia prohmged within each tube, by an internal pipe extending abont two-thirds of 
the length, with the object of partially heating the feed water before its diaobarge from the pipe 
into the boiler. 

In this cunBtraclion of boiler, the only portions that aro exposed to the uctinn of the &re are 
the exterior snrfactis of the tubes, and the inner fscea of the cest-iron heads. Tho tubei< are plain 
cylinders with lap-wolded longitudinal seams ; and tbeir small diameter allows uf the metal being 
only 4 in. thick for a steam pressuro of 100 lb. or upwards, with an ample margin of strength, as 
this tliicknese gives the same tensile Btrength as 2 iii. thickncfs in a boiler 6J It. diameter. The 
tubes are all proved te a pressure of 500 lb. on tho sqaare inch before being fixM in the boilers. 

Cochrane statoa that in some experiments made with Boot's boiler, the consumption of coal 
amounted to 633 lb. during a period of 3 bra. 33 niina., and the quantity of water evaporated 
during the same lime hod been (j30 gallons ; the reunite were tlierefore a cansumption of IIH lb. 
of coal an hour, and an evaporative duly of nearly 10 lb. of water to the lb, of coal. The tempe- 
rature in the chimney flue daiing this time ranged ttoia 300° to 306° F., the firing being with 



nfcoiiiparnllvrly simbII Hi/.., so as ti contain only a small quantity of water; those at the front 
urn n->lin|H-el lulu's A A. forming a luorcsfion of arelieg over tbe firegrate. The wwr scctioni 
"ins st ivi'li of five vortical tubes cast In one piece, na shown in Fig. 430, nniled bv a Imnnerw 
KiriUI tdlK' at Ixittorn and top. and flni-hniUt the top with a Sango joint upon wti.-h is fixed a 
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eorer. The ieveml Beetlona u« bolted Uwether at the boltrai bj flaiigB jointB, tbs front arched 
~ '' having t«oconaectioiu,onoinea«hle(F,aodtbeiemraertioiuasin|Fle ' " 
.-..-. ... .... ,if„ 



IB fonn coatumoiu ioii(ci(adin>l tnbes at the bottom of the builer, which are closed bj a 
Banged cap at rarb end. The tubes of Ibe iMbol ■ectiona are 7 in. diameter ioaide, and 2 ft 4 in. 
width la Ihe arched opening; the lertioal tnbes of the rear lectiooB are taper in form, i in. diameter 
iuide at bottom and 6 in. at top, and they are 2 fl. 6 in. length in the rertioal portion, irith an 



oppoaite tho tube* ef the next, for the purpoae of intercepting the Same and heated esses n 
eflectnally. The i^rtiogs are i in, thick, the rear aections weigh about 10 owta., and the G 



IB are aboat 5 cwta. eoob. 



In the finnt wctiona a longitudinal midfeather is caat in each leg. Fig. 429, extending nearly to 
the top and bottom, b; whioli the aacendlug ourront of heated water on the inner lido cipoaeil to 
the Are, ia separated from the descending current of cooler water on the outer aide. In (ho rear 
BMttions an internal cinjtilating tube is Buapendod in each of the Terticol tubes, Fis;. 430, causing tlio 
beatfd water to ascend throng the outer aunnlar space, end Ihe cooler water lo deeoend within tho 
cireolating tube, wliich is of cost iron and is held central by snugs cuet upon it. The slcnm is 
taken off from the top b; a 2 in. wiought-iron branch pipe C, bent at riglit en^lrs, and canneotod 
to a horiiontal cast-iron steam insin D, 10 in. dinmcter, which eitonda tho wliolo length of the 
boiler, and is corrtod outside the brick setting. Ttio branch pipes CC are fixed to each of the 
sections by a flange, bolted to a corresponding flange upon a short nick oust on the top of the 
section ; and they are connected to the steam main D by a flange. 

The expansion of the cast-iron eections when heated does not affect the joints, beoauso In tlie 
rear sections the separate castings are connected togelhor by only a single joint at the bottom, and 
are thus free to eipand in any direction without injmr. In the front sections the effect of tlie 
expansion ia lo widtn the arch to the extent of {■ in. ; the arched sections are connected to tlio flrst 
of the rear sections, for the parpose of affording a continnone water way through tho whole Itngth 
of the boiler, hut on one side only, so that they aie left free to expand and slide opon the brickwork 
an the other side. The wrought-iron branch steam pipea C, connecting to the steam main D. 
spring to a snfHcient extent to allow for the excess of cxpausion of the cast-iron sections, without 
cansiog objectionable strain on the joints. 
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The flange jointa of the boiler are faced and pot together with wire ganze and red lead, so that 
they can be readily separated and re-made if required ; they are fiiiiBhed to a standard template, k> 
that any portion of the boiler can be readily removed and replaced, without disturbing the rest of 
the eectiona, wliich are duplicates. The front sections are all finished to the same len;^ of 1 1 in. 
at the bottom joint, and tlie rear sections to 12 in. length. All the joints are completely protected 
from the action of the fire. Those at the top are protected by a layer of brickwork which resta 
upon the castings, as in Figs. 427 and 429; and the rear sections are cast with small projecting ribs 
upon them, which come together when the sections are fixed in their places, thus forming a close 
top to the flue. The whole boiler is enclosed by side walls of brickwork, which are carried up 
above ; and the top is covered in with loose cast-iron plates that are readily removed for inspection. 
A large sight-hole with cast-irun cover-plate is made in one side witU opposite every alternate rear 
section, which allows of cleaning all the surfaces of the cast-iron tubes from soot and dust, by means 
of a jet of steam introduced by a flexible pipe into each of the holes in succession ; this cleaniDg is 
usually done about every other day. 

A blow-off cock E is fixed on the front end of each of the two bottom side tubes ; the boiler is 
blown off onco a week, and a small portion of the water is also blown off three times in each week. 
The feed water is introduced at F F, below the fire level ; the feed pipe is connected to the bottom 
main on one feide of the fire and also to the first of the rear sections. 

The size of the boiler is regulated by the number of sections employed in its construction ; and 
more sections can be added afterwards, without disturbing those previously fixed. The nsual size 
of the boiler, Figs. 427, 428, consists of six front and twelve rear sections, and is equal to about 
86 H-P. The effective heating surface of each rear section, taken from the top of the base piece to 
- the centre of the upper chaml^r, is 23 sq. ft. ; and each arched section, taking only the inner half 
of the surface, is 7 sq. ft. 

In trials made by J. Layboume, of Newport, to ascertain its evaporative power and economy, the 
cast-inin boiler has proved satisfactory ; in one instance an evaporative duty was obtainc-d as high 
as IH lb. of water to the lb. of coal. In this case 625| gallons of water at S3? Fahr. were 
evaporated in 3 hrs. 54 mins. by 560 lb. of Ebbw Yale Elled coal, amounting to 11* 17 lb. of water 
to tne lb. of coal, and equivalent to 11*67 lb. of water evaporated from 100° standard temperature 
of feed ; the steam pressure was from 55 to 60 lb. 

In using the general class of boilers having small water-space, disappointments have been 
experienced from their not continuing at work without difficulties in keeping them in order ; but it 
Cjiunot be expected that the more complicated and delicate structure of these boilers, can admit of 
the same rough handling, and marked absence of systematic attention, that so oommcml v occur with 
the ordinary cylindrical boilers. Again at the end of a certain period, dependent on the quality of 
the water used, they must be laid off for cleaning internally, otherwise the tubes would be liable to 
become choked up. Hegularity of firing and steadiness of feed, are also matters requiring stricter 
attention than in boilers which contain several hours' supply of water. 

Plate iron is in many instances replaced by steel in the construction of boilers, the soft steel 
obtainable from certain processes being peculiarly suited for the purpose. The following particulars 
of experiments made by William Boy(l, of Newcastle-on-Tyne, and presented to the Institute of 
Mechanical Engineers, in 1878, are therefore of peculiar interest. 

Boyd's experimental steel boiler. Figs. 431 to 433, was of the usual marine type, 13 ft. 3 in. 
diameter by 10 ft. 8 in. long, and contained tliree furnaces, 3 ft 3 in. diameter ; the working pres- 
sure proposed was 65 lb. on the sq. in., and the total heating surface 1880 sq. ft. It is not necessary 
to refer further to this design than to state the reduction it was proposed to make in the thicknesses 
of the various plates, which waa as follows ; — 

Inches. R«»^«<f 
per cent. 

Boiler shell plates from | to |J = 21-43 

Boiler ends „ | „ ^fj = 25*00 

Furnaces and combustion chambers .. „ ^ „ ^ = 12*50 

Front and back tube-plates 9t ^ f> ii = 8 33 

On this design being submitted to the committee at Lloyd'e^ whose requirements were the cans© 
of the experiments being undertaken, it was approved of as an experiment only, provided the 
material bhowed the following tests ; — 

1st. That some of the plates taken indiscriminately from among the shell and other platea 
should be submitted to a tensile test, and shown to have an ultimate strength of from 26 to 
30 tons on the sq. in. 

2nd. That a specimen of the riveted longitudinal joint should be tested, and proved to have a 
percentage of strength at least equal to 74 per cent, of the solid plate. 

3rd. That a shearing of every plate used in the construction of the furnaces, combustion 

chambers and tube plates, should be subjected to the tempering tests with satisfactory results. 

oi*'« *^!^** con*:iet in h( ating the sheared btrips to a dull red and cooling them out in water of 

r , •» . ^' which they should btand bending over to an external radios of U times the thickness 

of the plate. " 

4th. That it should be shown by an actual experiment that the flut plates with the propoec*! 
reduction Of thickness, s'ay€«d in the usiml uianner, are as strong to resist buckling, by hydraulic 
prtMhure, aH ordinary wnmj^ht-iron plate. »» J ^ 

It niiiy 1m. mentioned here that after careful consideration and experiment, of which the detuiU 
Ti T T''?ixTul*'\' ^^T*" '}''''^'^^^ *o use ^^^ "vets in the construetir.n of the boiler; and nlxi 
all itl I hri" Bohd-drawn sttel tubes, bO that the structure might be homogeneous in 

Th.. tir-t H'tu-n of tiimilo toHts is that given in Table I.; and the ramlU may be •ummari.M 
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in a few word& Serenteen SMnplet vero iHeptreJ, but three of thew gave wmy ei the atUehmeot, 
leaving fourteen soooeeBfiiL The aTeiage teoaile etreogih of theee fourteen qiecimena is 28*7 tons 
on the aq. iii^ and with one exoeptkm, Na 7, they exhibit a remarlEable nnifonnity, showing that 



431. 



439. 





res^ilarity of quality is now obtainable in a large specification of steel plates without practical 
difficolty. 

STEEL BOILER EXPEBIMEKTS (BOYD). 
Table L — ^Tensili Tests. 
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i. 

e 



T DeKrlpUoD of Plate. 
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9 



P4 

•3 



J3 



Test Pleoe. 



1 

s 



Si 

I ^Vi 

• 3 o 



SI . 



9 



i 



fn. I in. 



2] Ditto 7-16 If X -4530 

^r^wn ''""T}' 7-16 2X-4680 

l|X-453;o 

Mj^^ 2X-4370 

6 Ditto .. '. .. 17-16 2x*4370 

7 Back Tnbe-plate 11-16 If x -7021 

8 Ditto 11-16 If X -6871 

9 Boiler Shell .. 11-16 2 x -6811 
10 Ditto 11-16, 2x -68711 



4 Ditto 7-16 

c/Wing Gombnstionl - -^ 
^\ Chamber; Back/ ^"^^ 
I 7-16 



■q. In. , In. 
849 5| 
736j 4^0 -546 
936 If 0*694 



11 Dome Neck 



9-16, If X -620,1 



12|C^«^Fan»ce} 7-16 2x4370 
13 



/Wing 
\ Bottom 



14 Ditto .. 

15 Back End 

16 Ditto .. 



../ 



17, Front End 



7-16 lfx-437|0 

7-16 l»fx -4870 
9-16 l|fx -5601 
9-16 If X -5460 
9-16 Iff X -6191 



»q. In. 



Strew. 



ActOAl. 



On the 

Sq. In. 



•s^ 






ll ll'll 






-31 



849 If 0-559 

874 6f'o-536 

874 6f 0-492 
22812 0-798 
28812 0-691 
362 6f 0*716 
374 6f; .. 
007i 5f 0-546 

874. 7i 0-468 

764 7f 0-409 

846! 7f 0-458 
084 2f .. 
955 2f 0-439 
199 6f 0-641 



Urns, tons tons. tons. 

16 21-018-8 
14 '21-519029-2 

17 27-518-129 
16 26-018*830 

16'525018-828 

16 25-018-328 

17 31-513-825 
20 36-515-528 
20 380 14-627 
20 34-5' .. I . 
14 '28*013-927 

14 25*516-0 29 




14 '23'018-330 

14 '24-516-528 
19 310 .. I . 
16 300 16-731 
18 33-015027 



8 
1 

1 
9 

4 
5 



64 
53 
54 
52 



50 
55 

65 
5i 

m » 

53 
54 



56 50-8 

65 39-4 

53 52-8 

52 53-0 



54 51-2 

53 54*4 

53 56-2 

54 53-4 

46 68-3 

53 01-4 



-031 15 
-031 12 
-045 
•031 
•031 



9 
15 
15 



•031! 18 

-081 U 

•031 12 

•03l' 11 

-016 19 

•031 16 

-015, 15 



0151-75 
01 3-31 
0153-31 



01 1-96 
01 . 
0151-68 

015|2*0027*5 



23-28 

26-9 
27-6 
27-6 
801 



015 1-78 

0152*18 
016{ .. 
0810-62 



01 



1-87 



24*5 
80 

28"7 



Elasticity is lost at an early point at an average of 16-6 tons a eq. in., equal to 58 per cent of 
the average nltimate breaking stran. Elastic stretch also commences early; for in sperimen 
No. 9, taken from the shell plates of the boiler, it is seen that elastic stretch is peroeptlblo at a 
strain of 15 tons, equal to 11 tons a sq. in. of section. The strain on each sq. in. of the longltucllnal 
joint, when the boiler is under the hydraulic test of double the working prew^^^ is 0'i2 tons a 

M m 
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Bq. in., leavinf^ a marp^in of 1^ tons a sq. in., which is snffioiontly small to point to the advisahility 
of not submittfn^ a steol boiler to a greater hydranlic test than twice the working pressure. 

Ih endeavonring to arrive nt a fair estimate of the amount of stretch in relation to the length, 
it was thought advisable to eliminate all the short specimens as not affording reliable data. Taking 
four specimens 61 in. long, three 7^ long, and two 12 in. long, nine in all, it is seen from the last 
column in Table I that the average ultimate stretch or elongation is 26*5 per cent of the length of 
the specimens, which is a considerable amount, and will be further referred to hereafter. 

The experiments on the longitudinal joints were instituted in order to determine their strength, 
which had been calculated to bear a strain of 73-41 per cent, of the solid plate. Two samples were 
prepared. Figs. 484 to 437, representing a fair average portion or strip of the longitudinal seam, 
12 in. broad x \^ in. thick, the area of which through the solid plate is equal to 8*25 sq. in. The 
rivets were l-j^ in. diam., pitched 4 in. apart from centre to centre. The holes in the joint, where 
the specimen was expected to give way, were drilled through the butt straps and plates, as would 
be done in practice ; but the work of the attaching plates was put together without sufficient con- 
sideration, and the holes were punched and dosed by iron rivets in the ordinary wsy. 
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On being tested, the specimen broke at the attachment joint, in the line. Fig. 434. The break- 
ing strain was 135 tons, equal to 18*51 tons a sq. in., witii little or no elongation. The area at the 
point of fracture was 7*29 sq. in. ; whereas at the point where the fracture was expected to occur, 
in the line of rivets of the longitudinal seam, the area was only 6*057 sq. in., and the holea cloaer 
to each other. 

Spedmon No. 2 was a duplicate of No. I, so fnr as the joint was oonoemed, and broke thitmgh 
the line of rivets, as ehown in Fig. 436, with a btrain of 149 tons, equal to 24*59 tons a aq. in. on a 
net sectional area of 6*057 sq. in. 

These results were not considered wholly satisfactory. Two other specimens were therefore 
prepared, Noe. 3 and 4, Figs. 438 to 441. No. 3 was an exact duplicate of Noe. 1 and 2 in tlie 
arrangement of the riveting of the longitudinal joint ; but the specimens were both made of suffi- 
cient length to avoid altogether the necessity of any attaching plate. In No. 4 chain riveting was 
employed. Specimen No. 3 gave way with a total strain of 140 tons through a sectional area of 
6 057 sq. in., eoual to 65 32 per cent at 26 tons for solid plate, or to 60*66 per cent at 28 torn. 
No. 4, though the riveting was arranged on the chain system, had a sectional area of solid plate 
equal to 8*25 tq. in. and an area through tlie line of rivets of 6*057 sq. in., giving a peroentage of 
73*41, and thus being in this respect exactly identical with the other three specimens anaoged on 
the zigzag system. It gave way with a total strain of 174 tons, equal to 81 * 11 per cent at 26 tons 
for solid plate, or to 75*32 per cent at 28 tons. 

These n^ults confirmed the opinion that the cause of failure of the first three medmens was to 
be found in the narrow stripe at tlie cdgea 

In all three specimens the joint was considerably stretched before fracture occorred, even 
in the case of the specimen No. 1 ; and it would seem that these joinis if made in steel would 
stretch very considerably^ and relieve the pressure in the boiler Jong before it might aetuallv 



Tablb n. — Ptkohkd and Dbillkd Holbs m Stsel Platu, First 



No. 



1 
2 

a 



Dracriptioo of Holes. 



Punched 



•% 



I 



DrilliHl 



Siie 
of Plate. 



. tn. in. 



SccHonal 
Area. 



iq. in. 
3*98 
3*98 
401 



DIaiBHn- 
ofUolM. 



Bmktng 

SlTPflS, 

Total. 



BnttUiv 

Stren, 

atq. In. 



Mean Brok- 
ing StTBMw 
• aq. in. 



Id. 

It 




tons. 
18*8 
17*4 
27*4 



} 



181 
27-4 



Three expeiiiiKiiti on pnncbed uid drilled holee an giren in T^>le Q. Tbeflnt iwo* 
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an J eflect; fur : 



tbe holes n 



tl platv 



lK.tll. , _ __ __ _ _ , . 

(Rated, being put into a plate faniace aud liested to a dull led heat, before being bent in (he rolls 
to the required diameter. The first two ^lecimens liad tlie holes pimcbed, and broke at a n 
■bun of 21 ' IS tons a sq, in. In the second pair the holes were also punched, bat ths eptoii 
re afterwards annealed in the manner deacribed, and the mean breakiug strain rose to iS'S 
I., ihowing a reanlt fallr equal to that allowed a M{. in. for solid plate. In tlie fifth r 

« drilled and the breaking itiain was 30-9 tons a sq. in. If then the mean bn^aking 

ae last three specimens be taken as 30'2 toni 
the fint two specimens with punched holes as 21-15 tons 
shown in this plate, all the five samples having bi-en cot 
operation of pnnohing the holes. 

The result of the whole of theaa experiments secnu lo ebow eouelusiTel; that this material is 
not iiunred bj drilline { that it is injured to the extent of abont 33 pet cent bj puncliiog : but 
tliat the natnre of the material is realofed eutirclj, if tbe plate be heated and annealed afler 
punching, and allowed gradually to twol oat. 

Eliperimenta were c^de to ascertain whether the steel rivets wen likely to be remluied brittle, 
b^ being healed ia the furnace, and then cooled by the applieallon of the prenuto of the bydraulio 

ilieriTet heads from two similar rows of rivets, put in a lap Joint in tliensnal wny,bnlono row 
ofitoo and the other of steel, nere cut off by tbe repeated blows of a liammer on the lit.-*<l r>f a 
bloDt set held againat the rivet head, in the ordinary whj when the bend of a dofectivo rivt>t 
hae lo be remored ; the same hammer was nsed throughout, weighing II lb. : the same two men 
struck tbe blows turn and turn about; and tbey cut an iron and a steel rivet alternately. The stii't 
rivets were made from bars of Ijandore-Siemeas flteel, the same quality us the boilerplates; and 
the iron rivets were made of best scrap iron. Tlie result was that the steel rivets 1 iii. diaututiT 
stood an average of 16 blows each as against 10 fur iron, or 60 per cent, hiKhet average, and Iho 
(•in. steel rivets stood an average of 6 blows as Hgaiost 3' 5 iroa, or 71 "1 per cent, bighor iivoruge. 

This result deeided the point that steel rivets should be employed ; and tliey woru licated in an 
open-hearth livet-heatiog funiEu^e, arranged so tliat the flame would not bum tliom, wliile tliey 
were all beated to a uniform temperature. The riveting was done by hydraulic rivetu'ra, giving a 
pRSsore of 40 tons on the rivet head. 

Bucklbg testa were fint made without nuts rin staya Two boxes wore oonatruoted, as in 
Figa. 442, 443, and Bubjected to increasing hydnuilie prcasuro. One box was made of iron, 
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with platea i in. thiok, and the sides were held together with nine mrewod slays of Iron, 1| lii. 
diameter, 9 in. apart, with the heeds riveted over In the nsuni way, and Imvlng 10 Ihnails to tlio 
iiieh. The oUicr box was made of steel plate* ■/. in. tlilck, heM together by scrowod atays of «ti«1. 

]| ID. diameter, 9 iiL apart, with the heads rivoied ()-■-•'- - ■'- '- -— 

tcnwed to the sa 
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The buckling was carefally noted at the Bereial points marked A to G in Fig. 442. The results 
are giyen in Table IV. as being fair places at which to institate comparison. Attention may be 
drawn to the fact that in the steel plates the buckling commenced at 130 lb. pressure a sq. in., 
whereas it did not commence in the iron plates till 195 lb. Permanent set took place in the steel 

Table IV. — Bucklivo Tests without Nuts on Stats. 
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Permanent Set at 390 lb. a square inch. Burst at 550 lb. a square inch. 

Steel Box. 
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Fig. 449 
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•031 
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Permanent Sot at 325 lb. a square inch.* Burst at 550 lb. a square inch. 

plates at 325 lb., and in the iron at 300 lb. At 422 lb. the buckling at the points A and 
eight times gntiter in the steel plates than in tiie iron plates, nnd at the same pressure was 
four times greater at Uie points F and G. The ultimate bursting point occurred in each case 
centre Htays, with a pressure of 550 lb. a sq. in. 

Table V.— Buckunq Tests with Nuts oh Stats. 
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BOILEBS. 










167 










sua Box. 




















Internal Preasare, Lb 


. a Sqaare 


Incb. 




• 




Point marked In 






















Fig. 444. 
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Pennanent Set at 390 lb. a sqaare inch. Bunt at 900 lb. a sqnare inch. 



heads of the stays 



This early buckling of the steel plates showed the ad?isability of fitting the 
with nuts, which was adopted in the case of this boiler. 

In order to ascertain exactly the value of these nuts in supporting the flat surfaces, two other 
boxes were made, identical in every way with the former pair. These are shown in Figs. 444, 445 ; 
and the results of the experiment in Table Y. 

In the steel plates the buckling commenced at 260 lb., and in the iron plates at 390 lb. 
Permanent set took place in the steel phites at 390 lb., and in the iron at 585 lb. At 585 lb. the 
buckling of the steel plates at the points A and B was six times greater than in the iron plates ; 
and at the same pressure was six times greater at the points F and U. Finally, the ultimate 
bursting occurred in the case of the iron box at a pressure of 1000 lb. a sq. in., the tracture taking 
place in the L i^n ^i^d the framework of the box generally. Some of the nuts on the stays were 
cracked, but none of the screwed stays broke ; nor did the flat plates give way at any part. In the 
case of the steel box the bursting occurred at 900 lb. a sq. in., and as in the iron one it was tlie 
general framework that gave way. None of the stays broke, nor did the flat bteel plates crack at 
any point. 

As a test of the e£fect of annealing, a piece of steel plate about 18 in. square was cut into two 
portions. One portion was heated in the plate-bending furnace to a dull red heat, and then cooled 
out suddenly in waUr; this procci-s was repeated fifty times. The two pieces were then punched, 
bent cold and experimented on in various ways, wiUi the result that the pitce which had been 
subjected to this fifty-fold annealing process had lost none of its nature, but was as ductile and 
malleable as the o he r piece of plate which had not been so treated. 

Stationary Boilers should be set with as little brickwork in contact with the shell as pnio- 
ticable, particularly at and near the bottom, where any water or moiHture is liable to lodge against 
the plates. All the flues should be faced with fire bricks, and f^ lumps or blocks, but not bricks, 
should be used for the seating. No mortar should be used where it can come in contact with tlie 
platea, but fireclay should be used instead for the whole setting of the boiler. The flues should be 
sufficiently large to admit of being properly cleaned and to enable peri(»dical external examinations 
to be made with facility and satisfaction. The common practice of cramping the flui s arises out of 
the desire to improve the efficiency of the boiler by keeping the gases in contact with the plates. 
But the slight waste of heat that may result from the Ubc of moderately wide flues, is far out- 
weighed by the greater security obtained from the better examination they invite. These instruc- 
tions and some of those which follow are given by J. Wilson in his capital little treatise on 
Steam Boilers. 

Plain cylindrical or egg-ended boilers, when made with wheel draught or split draught, are 
supported on side walls, which should not exceed 3 in. in width at the surface on which the boiler 
rests. There is, however, no advantage gained in evaporative efiect by mnking the flues of long 
and moderately long egg-ended boilerd for wheel draught or split dniught ; but there is a decided 
diiAd vantage in the increased difficulty of cleaning and examining which these arrangements of flues 
involve. These boilers are best set with flash flues, the gases pairing straiglit from the bridge 
along the boiler bottom and sides to the chimney. This arrangement dispenses with all brick work 
seating underneath the boiler, which is sometimes supported on cast-iron brackets, protected on 
their fronts by firebrick, but far more usually by brackets ri vetted to the (fides and resting upon the 
masonry. Boilers of great length, 50 ft. and upwardt*, are often suspended from trausver^e cast-iron 
arches resting on the masonry at the sides and placed from 12 ft. to 16 ft apart. The boiler is 
connected to each bearer by means of three bolts, secured to angle or T ir^>nB riveted to the shell 
crown, and secured to the casting by nuts, by which the weighty of the boiler can be adjusted. 
There should abo be a strut of X iron across the inside of the boiUr, under each bearer, to resist 
the tendency of the shell to assume an oval shape, from the weight of the lower portion of the boiler 
and the water, acting against tlie upward direction of the force exerted by the suspension bolts. 

Since the weight on each b< arer must vary considerably with the arching of the shell, due to 
the greater expansion or contraction of the bottom compared with the top, long boUers are liable to 
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be strained and break their backs, when suspended from the end attachments only, or the bottom is 
liable, to become buckled together, when suspended only from the middle bearers. 

To obviate this, J. Hesa devised a plan of suspending very long boilers by means of ringB, 
hanging by springs or counter weights on suitable pillars ; this has met with some suroess. 

The typical Lancashire boiler, Fig. 386, is set on side walls, and restd on firebrick seating blocks 
presenting a bearing sur&oe 5 in. wide. Fig. 388. The side flues are 6 in. wide at the top, carried 
up to the level of the furnace crowns, or a few inches above, and down to the level of the twttom of 
the shell. The bottom flue has a width equal to the radius of the boiler, and a depth of about 2 fl. 
These dimensions admit of ample room for inspection. By keeping the width of the bottom flue 
equal to the radius of the boiler, the angle that the bearing surface of the seating block makes 
with the horizon is 30° for any diameter of shell. 

The fiame immediately after leaving the furnace-tubes passes under the liottom of the boiler, 
and returns to the chimney along the side flues. This is not the course approved by Pole in his 
treatise on the Cornish Pumping Engine published in * Tredgold on the Steam Engine * in 1844, 
in which the setting of the Gomifih boiler is spoken of as follows ; — ** The heated current first 
impinges on the top of the tube, over which the highest and therefore the hottest portion of the 
water is lying ; it Uien passes along the side flues, where it flnds the surfaces cooler than before ; 
and lost of aU it traverses under the bottom of the boiler, where the coldest water will always be. 
By this means the fire current, as it gradually cools, is likewise graduallv brought to act upon cooler 
water, and thereby the best opportunity is afforded for the extraction of the free caloric it contains. 
.... The descending motion of the fire current, as it cools in the flues of the Ck)rniah boiler, ia 
upon statical principles much more natural, and more calcuLited to prevent the unnecessaiy discharge 
of heat into the chimney than the ascending principle of the ordinary boilers." Allowing the k^t 
heat, however, to travel under the bottom of the shell does not promote the circulation of the water, 
or at all events but slowly ; so that in getting up steam the top of the boiler becomes hotter than the 
bottom, from which straining ensues. If, in addition to this, the feed water when cold is pumped in 
at, or near the bottom of the boiler, the straining at the transverse seams of rivets is intensified. 
Possibly ihe Lancashire boiler is more subject to straining and seam-rending at the bottom of the 
shell than the Cornish, as there is a greater body of dead water lying there in the Lancashire boiler, 
in addition to which the rate of combustion on each sq. ft. of firegrate, is much more rapid in the 
Lancashire district than that generally adopted in Cornwall. In consequence of seam renti 
occurring at the bottom of Lancashire boilers when the last heat is carried underneath, the plan of 
passing the fiame under the bottom immediately on leaving the fumaoe-tubes, and also of 
introducing the feed water near the surface, has become the general practise. Feed-water heaters, 
consisting of a number of water pipes placed in the main flue between the boiler and the chimney, 
and kept free from soot by an automatic scraper, are in general use. A good feed heater wUl 
raise the temperature of the water to about 24CP. This economises the heat escaping to the 
chimney and thus reduces the coal consumption, while at the same time it prevents local cooling. 
It has been found by experiment that passmg the flames from the furnace tubes around the outer 
shell, instead of direct to Uie chimnev, adds but little to the yield of steam, though it promotes 
economy of fuel ; at the same time it keeps the boiler at a more equable temperature throughout. 

The flooring or hearth plates at the front of the boiler are set so as not to butt against the 
boiler, but so as to be entirelv below it, as in Fig. 387, thus leaving the whole of the front end 
plate open to view. Where there is a range of boilers, these flooring plates extend throughout the 
width of the boiler house ; being finished off with a fender-flange where abutting against the 
boundary walls of the building, as well as against the face of the brickwork setting. These plates 
are carried on a complete system of framing, and are arranged for easy lifting. The hearUi pit 
beneath them is open from one side of the boiler house to the other, and in this is laid the main 
feed-pipe, as well as the discharge pipe &om the blow-out and scum. This pit is about 3 ft wide 
by 2|^ ft. deep, so as to afford room for access ; the flue doors open into it The &ce of the 
brickwork at the front of the boilers is set back 6 in., so as to leave the angle-iron with its circle of 
rivets perfectly open. The front cross wall beneath the boiler is recessed around the blow-oat 
elbow-pipe, that it may be free to move should settlement of the boiler take place. 

The boiler is covered with an>arch of brickwork, leaving a space of about 2 in. between it and 
the plates. Fig. 388 ; and a layer of cork shavings, or a coating of other suitable non-conduotinff 
substance, is introduced into this space. Openings flnished off with bull-nosed bricks are workea 
round the fittings, leaving the ring of rivets by which they are attached to the shell exposed to 
view. Sometimes the boiler is covered simply with a layer of jsomposition, which should not be 
carried over the flanges of the fittings, as is too often the case, but be stopped off by means of kerb 
hoops dropped around the flanges, and a kerb cast-iron nosing to guard the fh>nt angle-iron. 

Each side flue may be made with an independent damper, or one damper may be made to 
serve by uniting the side flues behind the down-take at the back. But when the boiler is very 
short compared with the length of grate and there is a strong draught, it is not always advisable to 
expose the shell bottom to a very high temperature, by taking the gases along the bottom befioro 
passing through the side flues. 

In setting such a boiler as is that in Figs. 383 to 385, a foundation is first fbimed and covered 
with one thickness of firebrick, forming the base of the bottom flue; on this are placed cast-iron 
supports for the boiler to rest upon, these being hollow and so formed as to be of the same outline as 
the flue, and so as not to interfere with its proper cleaning. The side walla of Uie bottom flue are 
next commenced, and the boiler fixed on the cast-iron supports, after which the side flues are built 
up to the boiler. In all cases it is well to line the flues witli 4 J in. of &rebriok up lo the base of 
the chimney. The bottom flue is made very large, in order that a workman may be enabled to get 
in to clean it After the brickwork has been carried up to the height of the side flue arofaoa, the 
remaining part of the boiler is covered with very fine ashes ; in many instanoea the ashea are made 
to cover the top of the boiler, to such a depth that only the lids of the stop valve and the aJety 



nlfe rannJo nneoTered. Tbli la so effeetlTe Uwt the tempentnn of the top of ths aabw hu been 
fotmd to be only B<P, when that of the boiler hu beea 270". Ad advMitage attending the me of 
Mhea aa a noa-oondnotiDj; material, is that the; admit of read; removal tot the puipoaea of 
intpectioD or lepair. 

The Figa. 446 to 450 aflbrd a good exaraple of the amngemetit of a boiler home, and n'r^r to 
the building; erected for boiUr« exhibited bj Engliah Smu at the Philadelpbia Exhibition in 1876, 
ti.e walla bein^ of atone for a bright of G ft., and aboie that of open framewOTk filled in with 
glass, Kill) a timber roof coveied with tin and crowned with lonvre Tcutilatora, the aide aaKbL-a 




•winging <m centrea ; thia would, of ooune, be replaoed hj a root of the usual material In a per 
■naoeut ■tnotnre. It ii provided with a Taalt with inotined slioot. Figs. 416, 446, extend- 
ing ont under the railioad track, to facilitate putting in coal from drop-bottom ears. Over the 
C(«I fault at theentnnoedooriaaplatronn, level with theeiteriorstuiuoe of ground, extending Into 
the boUiUng, and protected b; an iron railing on the sidea. 

Tbe iMwe ooveri an area of 36 fL b; 73^ ft, measured to centre linee of walls ; the longitudinal 
dimension being at right angles to the main hall. 

At one end the space for a disUnoe of 14} fl. is sunk to a dqitb of 10 ft. bobw tho gionnd 



(ni&ce, and tlie remaiodsr, where the boilim are to be placed, to a depth of 12 ft. 9 in., exeecit at 
the nai of ttie bDilding, vliere for a width of 9 ft. the dpptb ia 19 ft. 10 in. The ipww in front 
of tliH boiler^ inoladiiig tlie portioa for foel, is covered with a brokea atoQa oonoiete flooc 6 itk. in 
tliickaeia. 




The bnildbg hai 



to the bi'ighl of the stonework of the walls of the building, •bore whieb it is of brick to the le 
irf the eaTes. On this is a wrought-iron chim- 
ney. 4 ft. 3^ in. in diameter and 56 ft high, **^ 
■tnycKl with wlra puj*. the total height from 
bottom of fine to top of pipe beinR 92 ft. The 
circular brick flue of the base is lined, 9 in. in 
thickncju, with flrebriok. It is designed to con- 
tain three cylindricai boiler^ each 28 ft long < 
bj 7 ft in diameter, with two fumaoce, each 
2 ft. 9^ in. in diameter by 7 fl. 6 in. long. 

List of fliiuls on Boi/fT..— Bnrgh (N. P.), 
■Fnictical Treatise ™ Itoile™ end Boiler 
Making." Ito, 1873. Beiton (M. J.), 'Pocket 
Book for Boiltr Make™,' 32mo, 1875. ' Heport* 

of the Admiralty Commiltce on the Deterioration of Boilers,' fol., 187B, 1877. 'Proeeedini^ of 
the Institution of Hechanioit Engineers,' IS70 to 1877. * Transactions of the loBtitatioa of Varal 
Aroliitecla,' 1877. Wilson (K.), -Treatise on Slenrn Boilers.' crown Svo, 1S79. 'Engineer,' 1870 to 
1878. * Engineerin]!,' 1870 to 1878. FoiUon (L.),'Coun theorique et pratiqne de Chandiem et 
de Machim-e k Vapeur,' *to, 1877. 

BRAKE. 

Tlie application of bnike-power has become of the highest importance as affecting the working 
of railwa^ and the larety of the tiaTOlling pablio. Tlie nibjt-ct lias by uo means received the 
attention it not only deaerves but demands. Tliat so many lives should bo riskM). and so hijch a 
perocntage lo>t on moat of our luilways, i* iDBloly due to the neglect of utilizing an efBrient system 
of brakes, and it is eaxeutiBlly neceawry that thene Bystems aliould find extended practical npplicstion, 
in order that their merits and deinerit* may be fully known. The onlv bmko-power foimi-rlT 
employed ooniisted of hand screW'brakes upon tl o tender and the guards vnna. bat the retarding 
force pioduoed is so gmall in proportion to the momentum of the tr>iin, that it is not sulScicnt to 
arreat tlie progress of the tiain in time of danger. It has become necessary to provide, by the us* 
of oontinnous brakes, the means of arreating tiuing in short distances. A continoons brake is one 
by which brake blocks are applit-d to all, or neurly all, the whci-U of the train, and it is the meant 
employed for patting the reqoiiite piesaore upon the blocks, that oonatitote Hie chief distiitcUoiw 
in the various BystcDa, 

There are two dirTennt methods of applying bntke-power; — 

The simple or direct- acting melhod, iDcIliding all Crakes in which the power Is created at lh« 
time of putting the brakes into operation. The efBL-ieocy of this elaaa of brakea depends entirely 
upon the good working order of tlie mechanism elDployea. 

The automatic method, including all brakes ID which the power is maintained in nadiiieai to 
be applied as wanted. 

'The screw bnke baa been illnstraled at p. S8S <^ this Diciionary, and conasts of a riiaft 
eiicnding from one carriage to another, the revolotiong of which screw np the brakea upon 
the carriages to which it is aj^lied. The shaft is worked by means at hand gearing in the bnke 
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vans. It may be oonaidezed as an extension of the old band system, by converting the carriages 
into so many brake Tans. It is eyideot that, to enable the guard to exert hid power effectively 
thionghont a train of say 200 tons weight, a considerable amount of gearing would be required to 
multiply the power, to the extent sufficient for forcing the blocks against the wheels. Thu g^in of 
power can be effected only at the expeilse of time, the most important element in danger. 

The chain brake, represented at p. 585 of this Dictionary, consists of a chain running 
midemeath tlie carriages, one end of which is secured to the end of the furthest carriage upon 
which it is required to exert its influence, and the other to a revolving shaft on the brake van. 
This shaft carries a friction drum, which being put into motion winds up the chain, raises the 
levers on each carriage, and applies the brakes. On the axle of the brake van is also a friction 
druuL, and to apply the brakes the two drums are brougiit into contact, which causes the chain 
to be wound up on the shaft, and the brakes to be applied. This brake is capable of very quick 
application. In application it has been customary to extend the cliain only to a certain number of 
carriages at each end of the train, and to phu'C these carriages under the separate control of 
the front and rear guards. The chain brake can be applied by the driver, and made to act 
automatically on the two different portions of the train, by means of a cord communication. Upon 
the train aocidentally separating, the cord would be put into tension, and the drums brought into 
ocntaot ; but should the division occur between any of the carriages connected bv the chain, the 
brakes on that portion would not be applied. If the chain were extended the whole length of the 
train, the brakes could not act automatically in the even^ of the train separating, although 
the levers would be released by the breaking of the cord, because the chain would b^me loose, 
and the fViction pulleys would have notldng to tighten against. In the application of this 
principle it therefore appears necessary to divide the train into portions, so that the whole power 
may not be lost by accidental breaking of the chain. 

Another form of chain brake is constructed on the principle of keeping the chain constantly 
under tension, and levers or springs are emploved to apply the brakes. The brakes are applied by 
relaxing the chain, and automatic action is obtained by the breaking of the chain in any part of 
its length. This method requires some means of winding up the chain and keeping it in tension, 
and tins has been done by means of a winding-up appcuntus in the brake vans. It would be 
difficult to apply such an apparatus on each carriage, so as to be conveniently worked when the 
brake van was not available, and at the same time to provide for the free control of the chain from 
the vans, when the train was complete.* 

The simple vacuum brake, as described bv B. D. Sanders in a valuable paper read before the 
Institution of Mechanical Engineers, 1878, Figs. 451, 452, consists of a continuous pipe extending 
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the length of the train, and connected to collapsing cylinders on each carriage. The heads of 
the collapsing cylinders are attached to the brake gearing, so that when the air is withdrawn and 
the pressure of the external air causes them to collapse, the levers are acted upon with a power 
profMrtionally to the areae of the cylinder heads and to the degree of vacuum. The end of the 
oontinnout pipe on the engine is connected to an ejector, which is supplied with steam from the 
locomotive boiler : and the end of the pipe at the rear of the train is dosed. When the steam is 
turned into the ejector, tlie air is drawn out of the continuous pipe, and also out of the collapsing 
cylinders, and the brakes anplied with a power proportional to the vacuum created within the 
collapsing cylinders. In oraer to release the brakes, the ejector is shut off and air admitted into 
the continuous pipe, the ooUapsing cylinders are relieved of the atmospheric pressure, and rendered 
inoperative. 

The efficiency of this brake depends upon the power of the ejector ; and it can be put under 
the control of the guards as well as of the driver oy a cord. This cord communication can be 
used safely only when the train is intsct. In the event of an accidental separation, this would be 
a Bouice of danger ; for the steam cock would be opened by the breaking of the cord, the front 
portion of the train arrested by the partial application of the brakes, and the rear portion 
retaining its momentum would run into the fore part. 

As the power-producing apparatus is on the engine, in any separation of the train the brake 
cannot act automatically, witnout some other exhausting apparatus in the brake vans or on the 
osniages. This has been supplied by means of exhausting pumps worked from the axles, which, 
being put into gear by the breaking of the cord or otherwise, withdraw the air from the continuous 
pipe aud so apply the brakes, requiring, however, each pipe-coupling between the oaniacpea to be 
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provided with aelf-doriDg yalvee, otherwiBe the neoeflsuT TAcnum oonld not be created by the 
oxhausting pumps. The automatic action of this brake depends upon the perfect closing of these 
valves, and upon the efficient working of the pumps, which at 60 miles an hour would make no 
leas than 440 double strokes a minute with 3 ft. 6 in. wheels; and it may be doubted whether 
the valves and pumps could always be kept in perfect working order, so as to be depended upon 
with that certainty which is required for an efficient continuous brake. The rapidity of appli- 
cation depends upon the power of the ejector ; but under most favourable circumstances, a certain 
time must elapse in abstracting the air from the pine and cylinders. The brakes are less 
effective when the speed is great than when the speea of the train has diminished. This is 
obviously the reverae of what it should be. In order that the brdces may be applied at all, it ia 
necessary for the continuous pipe to be at all times air-tight. If a pipe-coupling is disconnected, 
the brakes can be applied with a force due only to the friclion of the steam from the ejector against 
the air passing through the length of pipe which remains unbroken, so that, if a leakage should 
take place in the front part of the train, the brakes would be useless. 

In the application of continuous brakes, the question arises whether the power shoold be placed 
in the hands of the driver or of the guards, or of both ; and it has to be decided whether a brake 
should be automatic in its action. The driver, from his position on the engine, is constantly on the 
look-out ahead. He therefore is the first to bo aware of any obstruction on the line, and is in the 
mobt favourable position for applying the brakes in time of danger. This should be done 
simultaneouslv with shutting on steam, so as to save every available instant of time. If the 
application of the brakes is entrusted to the guards, much valuiible time is lost by the driver 
having to call attention by means of a cord communication or whistle. 

Much time is saved by the driver having fall control of the retarding power, as well as of the 
motive power, instead of relying upon the guards acting in concert with him, in which there is 
necessarily much uncertainty, their attention being often taken up by other duties. Circumstance's 
may arise which require immediate action on the part of the guards, independently of the driver,' 
such as an axle breaking, a carriage leaving the mils, or a signai from a passenger, and the 
guards shotdd have the means of applying the whole of the brake-power whenever necessary ; but 
the general working of tlie brakes should be entrusted to the driver. The conditions necessary to a 
good system of brakes are; — Complete control Uiroughouttlie train by the diiver ; control in time 
of danger by either of the giuu^ ; automatic action in the event of an accidental separation of 
the train ; the brakes to be their own toll-tale in the event of any derangement of the appunitua. 

These four conditions are not completely fulfilled in either of the brakes desoiibod, but are 
more nearly met by the following constructions. 

The hydraulic brake, Figs. 453 and 454, consists of a continuous pipe throughout the train, 
connected to a cylinder and piston operating in each carriage upon the brake-blocks. Upon the 
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engine is a steam pump A, which forces the water into an aooumnlator B. The aconmnlator oon* 
Buta of two cylinders and pistons, the area of one being double that of the other. The continuoas 
pipe and steam pump are connected to the smaller cylinder, and steam is admitted frcmi the boiler 
to the larger one. The duty of the pump is to force the water into the accumulator, with a 
pressure of twice that of the steam in the boiler, which is acting upon the larger piston. The 
pressure may of course be increased to any amount by adjusting the relative proportions of the two 
pistons m the accumulator and the two in the steam pump. The pressure is communicated to the 
continuous pipe C, and so to the cyUnders and pUtons D on the carriages, by which the brakes are 

This hydraulic brake can be applied or released by the driver. To make the brake act 
automaU<»Uy, powerful springs 8 have been introduced on each carriage, wliich are put into com* 
EI^^° 5?J"^^ i^ ."®?^i® cylinders and piatons^ E, connected with the accumnhitor B by a 
*w>M» « «, «^ -.- A_ - 1 ^^ accumulators; and if by 

water in their cylinders E, to 
Self-closing valves aro of ooarso 
-J ^.^ ^ ""^ brake 

using 

, . . _. very low 

contaming the solution is placed on the tender, from which the 
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itegm pump takes miction. Thia tank supply provides for the loss arising from leakage, and 
from the difioonnecfcion of the oonplings between the carriages, when the train is broken np. 

In the application of compressed air a great many forms of brakes have been suggested, all of 
which consist essentially of an air-compressing pump, worked from one of the axles of the train, or 
by steam from the locomotive boiler, a reservoir, a continuous pipe, and cylinders and pistons on the 
carnages, by which pressure is brought upon the brake bloclra, when the cyllndere are put into 
communication with the reservoir through the continuous pipe. As none of these forms fulfil the 
necesssiT conditions, it is useless to enter into a detailed description. 

In the automatic compressed-air brake. Figs. 455 to 458, a donkey pump A is kept con- 
tmually at work by steam from the locomotive, in oidar to maintain a constant compressed-air 
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pesBure of 60 to 70 lb. on the sq. in. in the continuous pipe C and the reservoirs B, one of which 
18 placed upon each carriage. In connection with the reservoir B is a cylinder and piston D, 
by which the brakes are applied. Between the reservoir and the cylinder is a regulator E, to 
regulate the flow of compressed air from the reservoir to the cylinder, when the brakes are 
applied, and to release the compressed air from the cylinder when the bnJces are taken off, and, at 
the same time, to admit a further supply of compressed air to the reservoir for the purpose of 
recharging it. 

The pressure is admitted to act on both sides of the elastic diaphragm or piston E, and 
this operates upon an arrangement of valves, which, for the sake of simplicity, is represented by a 

8o long as the normal pressure in the continuous pipe is maintained, equal pressures are also 
maintained on both sides of the diaphragm E, and it is therefore inoperative, as in Fig. 457 ; but 
when the pressure in the pipe G is reduced for tiie purpose of applying the brakes, a similar 
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reduction of pressure takes place on the under side of the diaphragm, which is then forced down- 
wsids by the pressure of the air confined on the upper side; Fig. 458. This motion, operating upon 
the cock P, establishes a communication between the reservoir B and the cylinder D, and the 
bmkes are applied. Upon restoration of the normal pressure the diaphragm is again put into 
equilibrinm, and by its motion upwards, it operates upon the cock in such a manner as to shut off 
tbe connection between the reservoir and the cylinder, and to open a passage for the free exit of the 
compressed air in the cylinder, this air being then driven out into the atmosphere by the action of 
a spring beneath the piston, which is employed to take the brakes off. The valves, G and H, are 
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preasore in the oontinuous pipe, euffidently for deatroying the eqmlibriam of the diaphngm, and 
this can be done at any part of the train, by opening a oock, or by the accidental separation of the 
tndn or of the couplings between the cairiagea. This application of oompreesed air ia therefore 
automatic, and it fulfils all necessary conditions. 

The efficiency of this principle appears to depend upon the pump maintaining a constant 
pressure in the continuous pipe, and on both sides of the diaphragm ; for should anv reduction of 
pressure, however small, take place from the imperfect working of the pump, or from leakage in the 
pipe, the equilibrium of the diaphragm would be destroyed, and the brakes would be applied at a 
time when perhaps it was not intended; and after they were applied, unless the pump were 
capable of restoring the normal pressure, a difficulty might arise in taking them off, except by 
releasing the air by other means from the cylinder on each carriage. It also appears that by thia 
arrangement there is no means of regulating the power of the brakes. 

Compressed air has a tendency to escape in all directions and to blow the couplings apart ; the 
perfect working of this principle appears therefore to depend upon the perfection of uie workman* 
ship. 

Compressed air has also been applied automatically, by means of a reservoir and a cylinder and 
piston on each carriage, the pressure being maintained on both sides of the piston. This arrange 
ment is shown in Fig. 459. As the area of the under side of the pistion is diminished by the rod, 
there is an excess of total pressure on the top side, which keeps the piston at the bottom of the 
cylinder, so long as the pressure is maintained on both sides of it. In the air-resenroir B is a 
retaining valve U, which closes towards the continuous pipe C. The brake is applied by decreasing 
the pressure in the continuous pipe, leaving the piston free to be moved upwards, by the expansioa 
of the compressed air underneath it, from the air-reservoir B. The power of the brake depends 
upon the quantity of compressed air allowed to escape from the continuous pipe, to reduce the 
pressure on the top side of the piston ; and the power can therefore be regulated as required. This 
Drake is its own tell-tale ; and all the four conditions are fulfilled. 
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In the automatic vacuum brake, as designed by R. D. Sanders, Figs. 460 to 467, a vacuum ia 
created in the continuous pipe C by means of an ejector on the engine, and is subsenuently main- 
tained by an exhausting pump A, worked from a reciprocating part of the engine. The function of 
this pump is not to create the necessary power, but to maiiitoin it, by withdrawing the air which 
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must, throngh leakage, find its way into the pipe. On each carriage are two dmms B and D 
with flexible heads, of different areas, Figs. 466 and 467, which being connected with the con* 
tinuous pipe and with the brake gearing, pull in opposite directions. The larger drun B ia 
employed to keep the brakes out of action, and the smaller one D to apply them. In the 
connection between the smaller drum D and the continuous pipe C, ia a aelf-eloaing valve E, Fig. 
460, for maintaining the vaounm in the smaller drum when air ia admitted into the continoooa pipe. 
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Whon a TacQiim is dreated in the oontiaao'is pipo* the atr is Bimaltaneoasly withdrawn from 
both drums, but the preasare of the atmosphere acting upon the head of the larger or pull-off 
dram, overbalanoes that upon the h^ of the smaller or pull-on drum. As they are connected 
to the opposite ends of the same lever, the arms of which are of equal length, the difference of 
power between the larger drum and .the smaller, is constantly employed in keepiug the brakes 
out of action. In order to apply the brakes, it is necessary to destroy the vacuum in the larger 
dniai, which is done by admitting air into the continuous pipe, either by means of a hand valve 
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on the engine, or \\\ the guards' vans. Fig. 401, or by an accidental disconnection of the couplings 
between the carriages. The admission of air into the continuous pipe does not, however, destroy 
the vacuum in the smaller or pull-on drum, on account of its being sealed by the self-closing air- 
Valve E. This valve can be opened by hand by an external lever F, BMg. 460, for admitting air into 
the pull-on drum if necessary, so as to release the brakes when shunting a carriage off. The 
coupling of the connecting pipe between the carriages is shown in Figs. 462 and 463. 




The action of the two drums is as follows. The effective power of the larger or pull-off drum 
ia 380 sq. in. x 10 lb. vacuum = 3800 lb., whilst that of the smaller or pull-on drum is 314 sq. in. 
X 10 lb. = 3140 lb. There is therefore with a 10 lb. vacuum an excess of power equal to 660 lb. 
in each pull-off drum, acting to keep the brakes out of action. When the normal vacuum in the 
continuous pipe is reduced Kay 17^ per cent., the two drums are in equUibrinm; but this diminu- 
tion of pressure does not apply the brakes, because the larger drum is still pulling with equal 
power against the smaller. The brakes can only be put on by still further reuucing the vacuum 
in the larger drum ; and in proportion to such reduction the pull-on drum is permitted to apply 
them. Only the total destruction of the vacuum in the pull-off drum allows the other drum to 
applv the brake blocks with full effect. 

By this arrangement of opposing powers, the efficiency of the brake does not depend upon the 
normal vacuum being kept up constantly to the full amount, but it may be reduced \1\ per cent. 
without affecting the brakes : and the power of the brakes can be regulated, by the quantity of air 
admitted into the continuous pipe in any part of its length. Tiie brake is its own tell-tale, and its 
power is always registered in front of the driver by means of a vacuum gauge. As the external 
pressure of the atmosphere always presses upon the outside of the pipes and apparatus, there is no 
danger of the couplings being blown apart. On the contrary, they are firmly held together by the 
external pressure upon them ; and for th>s reason there is in this system a tendency to reduce 
rather than aggravate imperfections of workmanship. 

In the discussion upon Sanders' paper, A. Barclay pointed out that the mazironm power 
which could be applied to any brake could not do more than skid the wheels; so that, what- 
ever pressure in tne apparatus, as soon as that result was obtained and the wheels stopped 
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reyolving, the brake had done all it could. In the vacuum brake, however far the vacuum waa 
from being complete, it was only necessary so to increase the area of the vacuum chamber as to 
get the desired effect Sanders' brake was automatic in this sense, that if the connection between 
the carriages were broken, the brake would be put on. Screw brakes were originally applied on 
lines having very steep inclines. Afterwards, in the case of the Metropolitan lines, it was found 
that the traffic could not pass over the lines fast enough, unless some continuous brake was 
employed for enabling the trains to pull up quickly at the stations. When the brake was so 
employed and the traffic thus got over the line faster, the idea was started of applying the same 
brake on fast through trains, to prevent collisions. 

J. Tomlinson remarked that the Metropolitan Railway had adopted the continuous brake firom a 
commercial point of view. They had previously used hand brakes at both ends of the train, and the 
result had been that the wheels had to be taken out of the carriages about every eight or ten weeks 
to be turned up. The vacuum biake was introduced by putting a brake upon four wheels of every 
coach, or half the wheels, and the result had been that the amount cut off in the turnings 
of carriage wheels was exactly half what it had been previously, for the same number of train 
miles. Therefore he had no hesitation in saying that the continuous brake properly applied on a 
railway effected a very great saving commercially, and that in other directions besides the turning 
of the wheels. 

W. B. Wright said the automatic principle was very valuable, inasmuch as sometimes from 
negligence on the part of a porter a coupling might not be securely coupled up, and a driver relying 
on the brake might, perhaps, run into a terminus against the buffers at the end, or might overshoot 
a through station. He had known two cases of that kind with a continuous brake in which tlie 
automatic principle was not in use. In one case there was a defect in the coupling between the 
tender and the next vehicle, and in the other by the negligence of a porter the coupling had come 
undone. Both cases resulted in overshooting the station. 

G. Hawksley, referring to what had been stated about there being no possibility of doing anythion; 
beyond merely skidding the wheels, said it had been pointed out to him some years ago bv W. Bouch 
of Shildon, that brakes were the most effective when the wheels were not completely skidded, bat 
allowed to revolve at a very slow rate. That had reference more especially to working on an incline, 
where for 5 miles of line there was a gradient of about 1 in 50. Bouch had explained it in this wa^ 
that, when the wheels were completely skidded, they became very much heated at one point, and 
rubbed flat and bright, and then there was not so much adhesion to the rail as when they were 
allowed to revolve very slowly. This could not, of course, applv to cases whero the train had been 
pulled up ver^ rapidly, and where there might not be time for the same heating action to take plaos 
as when running down a long incline, as when a heavy mineral train was running down the inclino 
mentioned of 5 miles in length. 

G. Westinghouae, jun., said he had found in various experiments that every time the leverage 
or the pressure was increased, and a greater force brought against the wheels, letter results were 
obtained. In some cases an air pressure of 100 or 101 lb. on the sq. in. had been used. On the North 
British Railway 101 lb. pressure was sufficient to cause the piston to move through the whole dis- 
tance of 12 in., and to bring a maximum pressure on the brake piston itself of about 80 lb. on the so, 
in., or 4000 lb. total pressure moving through a distance of 1 ft. In Uiat case there was one block 
only against each wheel ; but experience had shown that, to do the very best braking, double blocks 
on each wheel were required, and that a force should be brought against the wheels equal to at least 
2) times the weight of the wheel on the rail. In many of the competitive experiments it bad been 
1} and 1) times. But the most important point was the storing of the power under the carriage. 
The Westinghouse automatic system had been first introduced U|X>n 150 railways, but the railway 
authorities complained of the difficulty arising from couplings coming apart, and firom the train some- 
times overrunning the station through inability to apply the brake, and that, as the brake was not 
a tell-tale, it was liable to produce accidents or become useless. Attention was then given to the 
storing of power under each carriage. One plan was similar to Fig. 459, known as Steele's brake. 
Experiments, with apparatus substantially the same as the Steele onkke, had shown considerable 
difficulty in applying the brake. For storing power in that case, there was about 800 cub. in. of 
space a carriage, filled with air at about 60 lb. or 80 lb. pressure on the sq. in., or say 4000 cub. in. 
of air at atmospheric pressure a carriage. This pressure had to be entirely taken off before the 
brakes were fully applied, and the 4000 cub. in. of air a carriage, with a train of ten carriages. 
passing through a small pipe, took a considerable time to escape. It was neoessarv to bring the 
power of the reservoir into action by means of a very small movement of air ; and this resulted 
in the use of what was called the triple valve. This valve had three motions. It governed the 
flow of air from the brake pipe to a small reservoir under each carriage, f^m this reservoir to 
the brake cylinder, and from the brake cvlinder to the atmosphere. In ohu^ng the reservoin 
under the carriages, the air was conveyed through the brake pipe, and stored at a pressure amount* 




tlie reservoirs acting on the pistons, applied the brakes. Thirty cub. in. of compressed air removed 
QiS?* * u® ^'*^® P*P® ^^^ ®^^ carriage was enough to cause the brakes to be mlly applied, or aaj 
300 cub. iiL on a truin of ten carriages. Smith's vacuum brake was operated by withdrawing the 
air; and about the same quantity of air had to be removed in order to apply that brake, as 



rst 41.^ u u — ° ij u '.\r^"J ^. •.»*•« *i ot;uvuu. tt lui rtjg&ra Ml uie auiomauc acoon, vne acuon 
^nni\ii ♦'^K ~"^1^ easily graduated. The pressure in the pipe of 70 lb. on the so. in. was not all 
I£f„«^ ^ o ^'I^u • V *^*J Preasure were reduced by 1 5 lb., the brake was put fall on ; if it wer« 
reduced by 3 or 4 lb. only, it let an equivalent proportion of air from the reservoir into the cylinder. 
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"Hie OominittM oT the PnmltUn iDitltnte. to whom «m referted for eumtiuitbD the WMtin^ 
htxm all-brake, tuTo mmde n report npoo thi* Bjalem. In ita orlKioftl t-ai limpleit form thu 
bnke orauiuted of a small ■team oDEine placed on the lODOlootiTe, iruidi, taklDg steun tnxD the 
boiler, operated an aii-pamp, which oompreseed air into a tnam toKlToir. Ily a lioe of pipe 
beneath the oarriagei, the oompieeaed air waa admitted at tbe pleasure of the engineer, wlio 
ooDtioUed its flow, b; a tlu«e-WBj oock, to a seriee of brake cjLnders, one nnder eeeh carriage, 
the piitoDS c^ whioh acted upon the ordinary brake leTere, and applied l)ie brakee to the wheels. 
Bj mreraing tbe Uuee-waj oock. the tiir was allowed to eecape from the oylinden, and tlie brakes 
were ott. As it required an appreciable leo£th of time, eepeeiallj io long trains, for the air, even 
under ooDaiderable presanre, to travel from the main rceervoir to tbe brake cjlioders, Westing- 
hoiue devised means bj which the compreiBed air can be admitted almost inatantaneooslj into tbe 
brake cylinder!. Tbe brakes can be applied Irom an; part of the train. The brakee will be 
•t onoe applied aatomatically la each car, should an aile breek, or a nuriage or the engine leave 
the track, or shonld the train be broken. An auxiliary reserruir for oompreased air is placed on 
oad> car, eloee bi the air-cylinder. These auxiliary reservoirs are connected with the main 
rassTToir by a pipe, witbout ooapling rolres, so that the same Suid pressure will be preeerred in 
Ibem as in the main reserrMr. But the compressed air, before entcriog the auxiliary reservoirs, 
pauM in each case thiongh a T«lTe-boi containing a triple Talve. and ^om wljich T^ve-boi, one 
port leads to the auxiliary reserroir, one to the brake cylinder, and a third to the open air. This 
triple Talve is of sooh ounstruotion with reference to tbe ports that, so long as the air proesnre is 
kept up in the air-pipe, the aoxiliary reeerroira will be kept charged at the Bsme pressure, sod at 
the same time the portB interuediato between the brake cylinder and the external air, will be open ; 
then, of oonne, the tnukss will be off. and tbe train will be la mnning order. Bnt oil the 
pressure in the air-pipe beli^ redooed, the porta between tbe air-charging pipe and each auxiliary 
reaerroLT will be automatically dosed, as also tlie ports between tTie brake cylindere and tbe 
external air ; and at the same time, the ports will be opened between each auxiliary reservoir and 
i(s oorresponding brake cylinder. By restoring tbe air pressure in the cbargiog pipe, and 
conoeotion with the main reservoir, tbe position of the triple valve is ahifled, so as to close oom- 
mnnicalion between the auxiliary reservoirs and brake cylinders, sod open communication from 
the latter to the eitomal atmosphere. This operation is as quick in action as the other, and the 
brakes being released the train is again in mnning order. 

Tbe valve-box or case B, Fig. 4(jS, is made in two or more parts. The air-charging pipe ^om 
the main reservoir is attached to the port T, wbicb leads into the air-chamber Q. Fran 
the oppenle ohamlier U, the port W leads by a suitable pipe cotmeotiou to the aoxiliary reservoir 



and a like pipe leads from tbe port H to the brake cylinder. TI.e valve stem g has a limited 
motion longitudinally in the chnmbera G U. At one end it carries tbe valve a, which seata on 
the annulnr V-shaped seat x by packing on its lower face, so oa when sealed, to close the port y. 
A aeries of wings arranged on this end of tho stem g, act as gnidea in properly aeiitme the valve o. 
A spring «. arranged on the other end of tlie stem <j, bearicg againet tbe cap of the valve case 
■ad against tho l>ack face of the valve seat 4. liolds the valve o to Ita soat when not raised by air 
pressure. The air-chambers G U ate separated by a flexible diapbragin n. of sheet metal, tlie 
outer edge of wMcb is compressed between the adjacent faces of the two purls of the valvo-box. 
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with elastic packlDg rings of indiarubber. From these annulctr packing Bur&ces, the parts of the 
case are so snaped inwardly as to give two annular flanges D, the distance between which gradually 
increases towards their inner edges, but the slope of each is such, tliat so much of the dlMphregro n 
as comes between them, shall rest on one or the other at the end of each stroke of the stem g. The 
sloping surfaces of these flanges D constitute seats or rests to support the diaphragm after it has 
done its work, and prevent its breaking. 

The diaphragm n has an eye at the centre through which passes the stem g^ and the annular 
edge of this eye is clamped between two rings, which form parts of the compound piston c. The 
compound piston c is free to move on the stem g longitudinally, and its face is provided with 
pncking, so as to make a tight joint when seated against the annular ring of the valve seat b. 
Commencing at a point a short distance from the upper valve seat 6, the stem g is turned smaller, 
and is also slotted. This reduction in the size of the stem g gives an annular air-port e, by which 
communication is secured between the two chambers, Q U. Ttie compound piston c, has an 
extension d, around the stem g, by means of which, in moving each way on the stem g, it alter- 
nately covers and uncovers the port 0, and thereby closes and opens communication between the 
two chambers G U. The annular port e communicates with the valve chamber U by means of 
ports /. Across the slot in the stem g^ a cross-bar s is arranged, with its ends fixed in position in 
tlie adjacent walls of the nnt c. From this slotted part a pin t extends through the stem g, till it butts 
against the stem v of the third valve. 

The extension of the valve-box or case contains this valve w, which seats against a valve- 
seat, so as to dose an annular port u. By this port and the passages «, communication is effected 
through the valve xo being unseated, between the brake cylinder by the port H, and the external 
atmosphere by the ports A, for the purpose of allowing the compressed air to escape from the brake 
cylinder when the brakes are to be released. The valve w is seated and imseated by the action of 
the spring /(, and the pin t acting on the stem v^ as presently to be explained. To provide for an 
equilibrium of air pressure on botli sides of the valve 10. holes r are bored through it and its stem. 
The operation is as follows; — If air under pressure is admitted by the port V, it will by the 
pressure it exerts on the flexible diaphragm n, cause the piston c to be shifted on the stem g, until 
it occupies about the position shown. The cross-bar a will then have opened the valve ir, and the 
valve a will bo closed by means of the spring z ; also the annular port e will be opened. In 
such case, the air will pass from the chamber G, along the ports e f into the chamber U, and out 
of the port W to the auxiliary reservoir. The auxiliary reservoir will then be charged with 
compressed air, of such density as it may be desired to store up for the purpose of operating the 
brakes. At the same time, the valve w is unseated, and a direct communication opened from the 
brake cylinder, through the port H, and the ports A, with the external atmosphere. The brakes 
are then off. As soon as the pressure on the opposite Bide of the diaphragm n, is equal or nearly 
so, the spring h in the lower part of the case, acting against the valve to and through the ^tem 
r, pin tf and cross-bar s, will cause the piston c to slide upward on the stem g^ and cut off com- 
munication through the annular pas.sage e, and will seat the valve tc so as to cut off the escape 
of air from the brake cylinder through the escape ports k. Then, if the pressure exerted in the 
chamber G on the diaphragm n be reduced, by allowing a portion of the air to escape from tho 
charging pipe, the pressure acting back through the port W on the opposite side of the diaphragm 
n, will raise the pi»ton c against the valve seat 6, compress the spring z, and by moving the stem g 
in the same direction, will lift the valve a from its seat x, and open communication from ilie 
chamber U, through the port (/, with the port H. The compressed air will then bo free to paaa 
from the auxiliary reservoir, through the ports W, y, and U, to the brake cylinder, so as to apply 
the bnikes. The aroii of the opening through the port ;/, is regulated by the distance which tho 
plug is caused to move outwardly from the port. Hence, if the pressure bo reduced but slightly 
at V, the plug will be raised but a short distance, and a small amount of air will be allowed 
to pass through and out at the port U. When the equilibrium is restored in the chambem 
G U, the valve a will resume its setit and close oommunication. If the pressure in the chamber 
G be materially increased, the valve w will )je unseated, as already doi^ribed, and an open 
rx)mmunication be made from tho brake cylinder through the port H and A, to the external 
atmosphere. By the use of the taper plug o, and by regulating, as ran easily be done by oocka, 
the amount of pressure in the chambers G U, it is easy to re»:ulate the amount or density of the air 
which is permitted to flow through tho ports y into the brake cylinder, and consequently easy to 
regulato and adjust, at all times, the force with which the brakes are applied. This force may 
be varied from tho maximum power of the brakee, down to the fractional part of a pound in excess 
of ordinary atmospheric preiwure. 

When a oar is detaeht d from a train, the charging pipe should he dosed at each end before the 
oar is detached, to prevent the brakes being applied by the reduction of the pressure. In this oafro, 
if, as will sometimes happen, the air leaks slightly from the charging pipe, tho valve a will Ih) 
raised slightly from its seat, and the air will pass slowly from the n-servoir by the port W, 
through the port //, and by tho port H to tho brake cylinder, and bet tl»e brakes. To prevent thi:«, 
a relief valve ia arranged on tho pi{)e from H. This valve conuist^ of a cylindrical box R, having 
a cap B with a smuU i>ort p bored, and faced with rubber packing p. In the chamber of the ca^ 
li is a valve T working loosely, and having on its up[)er end a seat of suitable form, so that when 
forced up by tho ordinary pre^tsure in working the brakes, it will aeat against tho packing and 
effectually dose the port p. Bnt when the pressure is only such as mav result from leakage, soch 
[iressure will pass out through tho lower port, and tilting the valve T off its lower seat, will pass 
>y it without seating it upward. The amount of pressure which may in this manner be allowed to 
<>c.i|ie without the application of the brakes, may be varied at pleasure by varying the size and 
weiirht of the valve T. 

For greater convenience and facility in opening and closing the valve case B, a fastening haa 
Wen dcvit-ed. One part of the case fits on to the other part like a cap, and is held in place by eye- 



{ 



lie Dolls u 



□ plooe at one end b; 
„ , „ u > 0"" pari of tha case. 

Tluwe bollB arc tbreadeii at the opposite emls, and eecuroJ so as to hold the two parts of the va1vo 
Ciiae ttigetber bj' BCrew-nutf. The thr«uled endi of the bolts project a short distanoe bejnnd the 
outer faces of llio nuls, when the latter are screwed dawn tight, and auoh proJL-cting ends nre 
riveted or n >B0t Blijihtl;, so that while Itaving room fur the nuti to bo unsoreweil, BUfflcientlj fur 
the bolts m to nwinf; uutvnrdlj from the reoeesHd jn tlie cap B, turnine for that purpose like hiogcs 
oo the pin', thejr cnnout ho screwed off enljrelj so as to be lost, but will alirajs be ia plai'o 

Each DQxiliary reacrroir has about four times the capacity of the a irresponding hivbe cylinder. 
The cliarging pipe, wliich is of three-qunrter Inch gas pipe, extends from the msin reeenoir under 
tlie whole train, and is provided wiili a three-waj cock on the engine, by which (he eiitira 
apparatus for ordinary braking purposes is plsoed uiidi-r the control ot Ihe fngiDeer. This pipe 
i^ between the can, pruvidi-d with fleiiblu scctioiia, on the outer side o( which are couplings, 
eoontcrparts of each uthi-r. These couplings have no valves for retaining the compressed air 
when nuconpled, but a cock is inseited in the pipe, nt the ends of i^acli car, for clotting the pijio at 
the lenr end of the train, and also at each end of a car. when such car is detached from a train. 

The advantage of on instantaneous ap|ilicaiion of the brakes at tbe will or tlie eoeiiieer is 
obviona. In the system before in use, the prebsure lias to be transmitted back through the train. 
In the improvement described, the requiniti.- prtssure is kept up thmuEliout tho train, ready to be 
put inta operalion. In tbe (bnner case, I20l) cub. in, oC compressed air at A5 lb. pnwiure on the 
tqnsrc inch for each cur, or 2S0O cub. in. at atmospheric pressure, have to be transmitted bock from 
ear to car to apply tbe brakes elfactunlly. In the latter caie, a reduction of IS lb. in tbe pressure 
of the air in II le pipe, equivalent to the pressure of one atmosphere, is all that is neoeasary to effect 
the same result. This reduction of pressure is equiVRleat to tbe transmilttil of 3G0 cub. in. of 
air for each car at atmospheric pressure. The saving of time iu applying the brakes will then be, 
ftpprDiimslely, in the pmportion of the quantity of air transmitted, or as 2800 is to 3liO. 

Tills relative proportion is affected only by the friction of the sir in psssing through the pipes, 
and this clement is comparatively iDapprin^iable as aSectlng tbe resiilL Br arranging the 
auxiliary reservoir and thetrnke cylinder of each car in close proiimily with each other, the time 
required for the air lo pass will be so small as to be vinim[iortant. From tlie conbtmction of the 
apparatus, its durability is limited only by tbe number of times thnt the valves wilt bear the 
operation in tlio application and releiise of t)ie brakes. All tlio material being of metal, will not be 
upprociably affected by age, 

To test the uuiiibei of operations that would be required to destroy tbe apparatus or any break- 
able part, this triple-vulve device was arranged in connection with a charging pipe and brake 
cyliuden, ■• in a train, while a Ihree-way cock on the pipe was operated by machinery, as in 
indiuary use for broking porposee. After tlie reservoira were charged with oompresced air at 
ordinary working prisaure, tiie machinery which oponed and closed the three-way cock was set in 
motion, and tbe triple-vali e began its work. After 30'J,000 strokes in opening and olosing Ibe 
porta, which was equivalent to applying 

and releasing the brakes that number of <^^' 

times, it was still found in perfect work- 
ing order, so far as could be ascertained 

from its operation. Upon examination 

it was found that the diaphragm n, 

■bowed sigoB of cracking at a point 

between tha rubber packing rings. The 

other parts of the triple-vulve miide 

460,000 strokes without any indication 

of failure. These ei]ierimonts have been 

rontinned at great length, and in no cose 

has the triple-valve failed to perform its 

work promptly and effeotlvely. In these 

tests, the piston of the bruce cylimlei' 

received a full and complete stroke, so 

that the shock, and, of course, the slniin 

on the triple-vslve, is mora severe than 

inordinary train nee. 

An improvement in the West iugbouse 

system is for tbe driving wheels of loco- 
motives. Fig. 4<J9. B are the ordinury 

driving wheels, and C indicates portions 

of the framework of the liicomotivB. The 

brakes proper d, are recessed on their 

rear bcea and lire pivotBil to tlia hangera, 

below and a little forwurd of their centr.s of gravity, so ss naturally and by their own weight to 

■wing clear of the wheels. To these brake-shoes are pivoted the ecceiitiic-faced segn^eht leven e, in 

■uohpcoition that (heir curved faces work against each other, or sgaiust a block placed between them. 

At any desireil poiota in the direction of the length of their curved faces, preferably near the lower 

ends, the connecting rods c are pivoted, which at their uppor ends are jointed to the lower end of 

the piston stem. The segment levers t are somewhat ecrenlrio, their working faces at Ihe lower 

ends being somewhat further from tbair centres of motion than at tbcir upper ends. 

This apparatus, together with Ibe brake cylinder ft, is cluplir«ie<l on the opposite side of the 

liKvmotive. The compressed air is admitlcil by a [ripe from the main reserroir, with (in inlerposed 
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three-way cook beneath the piston in the brake cylinden 6, and bv the upward thmst imparted to 
the piston-stem c, shifts the segment levers «, so as, acting on the principle of the toggle joint, to 
apply the brakes effectually to tiie wheels. By this construction, in fact, tlie ordinary advantages 
of the toggle joint are secured along with a nearly uniform application of the power at all points of 
the stroke, until the brake-shoes are worn entirely away. Where the distance between the driven 
B is too small to admit of the introduction and use of both the segment levers #, one only can be 
used, pivoted to one of the brake blocks, and with its eccentric face working against a friction 
roller pivoted to the other brake block. 

Figs. 470 and 471 are of Aspinall's automatic vacuum brake. Fig. 470 is of the arrangement 
when only a single pipe running throughout the train is employed. Under each carriage in the 
train is placed a cylinder, having both ends closed to the atmosphere. In each cylinder, a piston h^ 
Fig. 470, is attached b^ a 
flexible diaphragm to the sides 
of the cylinder k. To this pis- 
ton is connected a rod /, work- 
ing in a collapsible leather 
tube m, fixed to the lower end 
of the cylinder Xr. This rod 
communicates with the brake 
levers. The top and larger 
compartment of the cylinder ^, 
above the piston h, communi- 
cates with the pipe a running 
throughout the train, by a 
branch pipe dy in which is a 
valve t. This valve allows 
uir to be drawn out of, but 
not returned to, the upper 
compartment of the cylinder A- ; 
another branch pipe c commu- 
nicates with the bottom of the 
cylinder and the train-pipe a. 
A vacuum of about 20 in. is, by 
means of a small ejector, main- 
tained throughout the train- 
pipis and above and below the 

pistons under each vehicle. To apply the brakes, either the driver or guard can admit air to the 
train-pipe, when it immediately flows below all the pistons, but cannot flow above them, as it closes 
the valve t in the branch pipe d. The piston is forced up by atmospheric pretisure, and the brukea 
are applied. In order to take off the brake, the driver recreates a vacuum in the train-pipe, and 
conseciuently in the lower part of the cvlinder; the pibton falls by gravity, and releases the brake, 
A vacuum gauge upon the engine, and in each of the guard's vans, shows at all times what brake 
power is at the command of thorse in clmrge of the train* In each of the guard's vans is a valve. 
Fig. 471, by which air can be admitted to the train-pipe. This valve is constructed so that it ojkmis 
automatically whenever the brake is applied from any cautic, and thus secures the admission of air 
to several purts of the train-pipe simultaneously. This valve is formed with two heads w and r, 
connected by a spindle. The lower head, which is the larger in diameter, seats on the top of the 
train-pipe. The smaller head is attached by a leather diaphragm to the bottom of a chamber z, 
which communi&ites with the pipe c, by means of a very small hole y through the spiudle. The 
atmosphere is free to enter above the head tr, and below' the head x, by the large openings oo. A 
lever la attached to the spindle so that the valve may be moved by hand. So long as the vacnum 
is maintained in the pipe c, and through the hole .v» in the chamber z, the valve tr, by reason of its 
possefising the larger head, is held firmly in its seat, but when the vacuum is partially destroyed 
m the train-pipe c, the atmosphere forces up the part x and lifts the head tr off its seat, thus 
admitting air into c and applying the brakes. The air then gradually flows through the small 
hole y into the chamber z, and the valve once more descends to its seat. Means are provided for 
opening the valves leading to the tops of the cylinders, so that the brakes may be taken off at 
terminal stations. A valve on the engine enables the driver to admit air to the train-pipe, at the 
same time that he shuts off the ejector from exhausting. 

An electric brake, invented by Achard, has been under public notice in France for many years, 
it id only now developed into anything hke a practical form, and has met with some apprK>val at 
the hands of French railway companies. 

Fig. 472 represents the brake as applied to a locomotive and a tender. Normally, the cyltndriml 
electro-magnet ought to be concentric with the axle and move with it. The armature forms the 
sides of a sleeve also mounted on tlie axle, but loose, so that it does not revolve with the wbM'la 
A chain forming the transmission to the brake is rolled on the surface of the sleeve, and produces a 
braking effect, proportional to the advance of the train. This arrangement, as flrat introduce<l, 
required modification on account of the speed given to the parts mounted direct on the axle. The 
principle has been preserved by. employing a shaft parallel to the axle, geared by the friction of a 
disc kept in place by a spring. The velocity is thus reduced, and the duration of the various parts 
increased. In the brake represented the following parts are combined, the axle driving by friction 
the disc mounted on the adjacent shaft; a spring keeping the dine in contact with the axle; an 
electro-nmgnct mounted on Uie shaft penUlel to the axle, and caused to revolve ; two sleeved loose 
on the shatt narallcl to the axle: these si. eves are terminated by two dibcs in soft iron, forming 
aruitttures. and of a diameter ecjual to that of the clcctro-mugnet ; the chain which actuatts the 
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brake, by rolling around the sleeves when these latter become connected to the action of the onrrent. 
This chain passes over a pollej attached to the frame, and thence over another pulley at the end 
of a lever attached to the brake. 

Two insulated electric cables are placed beneath the carriages, running right and left along the 
train, with connecting links between the oarriagesw Under each Tchicle two secondary wires 
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branch from the principal cables, one to the right and the other to the left. Thns two branches, 
suitably insulated, conduct the current from the circular electro-niRgnet, the principal part of the 
system. In the front an<l rear van is placed an accumulating Pknte*s battery, composed of four 
secondary elements of 4 in. diameter. These batteries remain constantly charged, and are 
sufficiently powerful to promptly stop a train composed of fnurteen vehicles, including the engine 
and tender. In the front van above the battery is placed a commutator. A horizontal frama 
sliding in the roof of the vehicle allows the guard, by a lateral movement, to throw the springs of 
the commutator into metallic connection, and this is the only movement required to put on or off 
the brakes. The brake can be put in operation by the driver, a cord being attached to each end of 
the frame and led to the footplate, so that by puUing one or other of these cords the brake is 
thrown on or off; the train is, therefore, under tne control of the driver, and of the front and rear 
guards. 

After a variety of experiments with different electro-magnets, Achard found that form designed 
by Nickles to be the best. In this magnet there are two tnl^s of soft iron, one placed concentrically 
within the other, the interval being filled with wires covered with silk, and through which the 
current passes. If an iron armature is applied to connect the two cylindrical tubes, a second pole is 
found on the outer periphery, and the field of magnetic attraction is largely increased. The 
employment of tubes msures a maximum of power, with a minimum of mass. Achard's magnets 
support about 1760 lb., with the current from a Leclanch^ battery of three or four elements. 

General Principlea. — Captain Douglas Galton has found from an extended series of dynamo- 
metrical measurements, that the application of brakes to the wheels, when hkidding is not produced, 
does not appear to retard the rapidity of rotation of the wheels. When the rotation of the wheels 
&ll8 below that due to the speed at which the train is moving, skidding appears to follow immedi- 
ately. The resistance which results Arom the application of brakes without skidding, is greater than 
that caused by skidded wheels. Just at the moment of skidding, the retarding force increases to an 
amount much beyond that which prevailed before the skidding: took place ; but immediately after 
the complete skidding has taken place, the retarding force falls again to much below what it 
was before the skidding. The pressure required to skid the wheels is much higher than that 
required to hold them skidded ; and appears to bear a rehition to the weight on tiio wheels them- 
selves, as well as to their adhesion and velocity. 

It would seem that the great increase in the frictional resistance of the blocks on the wheels, just 
before and at the moment of skidding, due to increase in the frictional resistance of the blocks on 
the wheels, this increase being Itself due to the increase in the co-efficient of friction, when the 
relative motion of the blodra and the wheels becomes small, is what destroys the rotating 
momentum of the wheels so quickly. With constant pressures, the friction between the blocks 
and the wheels, and consequently the retarding force, increases as the velocity decreases. In 
order to obtain the maximum retarding power on the train, the wheels ought never to skid ; but 
the pressuro of the brake blocks on the wheels ought just- to stop short of the skidding point. In 
order that this may be the case, the pressure between the blocks and the wheels ought to be very 
great when the brakes are first applied, and ought gradually to diminish until the train comes to 
rest. 

BBICK-MAKIKG MAGHINEa 

The improvements devised in the construction of brick-making machines are verv numerous. 
The various forms of construction of these machines may be included in the following classification, 
to which each machine is easily referable. 

In one description of machine the clay is fed into a pug-mill, placed hoi izontally, which works 
and mixes it. It is then forced through a die of about 60 square in., of a form similar to a 
brick on edge. The comers of the die have to be rounded, as clay will pass smoothly only 
through rounded apertures. The clay, as it progresses from the mill, is seized by two vertical 
and two horizontal rollers, which roll it into a squared block of the exact size of the brick, with 
■harp edges, the rollers performing the function of a shifting die. The slab of clay thus formed 
is cut up into bricks by transversely-drawn knives or wires. A somewhat similar machine is 
deacribea in Uiis Dictionary, pages 650, 651. 

In another description of machine, the clay passes from the pug-mill into moulds, where it is 
pressed, and whence the pressed brick is expelled. There are several varieties of this description ; 
thus, the moulds are sometimes placed upon the upper sur&oe of a mould-wheel revolving horizon- 



1S2 6RICE-MAKIN0 UAGHINES. 

toll;, and ooovefing the moDlds succeBsively beuoalh & pug-mill, rrom which thev ue ehargrd. Id 
olber mnchineB tlie raonlds are placed on the jx-riphery or a wheel, the clay, «lieD Id the montd, 
being pmsed by exteiior or iDtecior pintoDB, uiid tlie jirerfttd briaka diaclurguil by piatoD-foUowcni 
nr tbe piston itself. Hctunted generally by oums or lofrglea. 

In donble-cyliiiiiei biick machinee, two wheeli are provided with peripheral inonlits, chnrged 
with clay fiom n hopper aboTe. 

Iq continuous or belt ntooLiaei, a Beries of moulds are linked together and potted beneath the 
cbarging-mill, whence they pass lieneatb a pipssun.'-pintflii. 

Besides the forogoiiig varieties of const ruction, the clay in some machines ia moulded bj 
nroiprocaling pistons, or a roriprocating attinn u imparted tu the moulds bi-nveth tbe pue-niill. 

In another class of moobinrs, tbe clay in n nearly dry state ia coinpresred by b plunger into 
n mould, and expelled after sutGcieiit ptessura baa been eiertod to cause adheeioo between the 

Bricks are also made of powdered dry clay, with sand and loam, moulded under Ljdmulic 

The following: maobines described are typical of Ibcse clasaes, thnae types bnving been aelecte') 
that have been intro<luct:d since tbe publicaiion of the Dictionary, ur omllteil from its pagea; 
and the types omitted in this Bupplcinent will be found under tbo head uf Brick HaebinEa, at 
page G42 of tbe Dictionary. 

Liddeirs double brick-making mnc! ine. Figs.4T3. 474, deals with the first part of the manufaetnra 
of bricks. It is driven from the inuin shaft, upon whiL-b ia a bevel pinion eenring with a bevel whetfl, 
filed to the lower end of the verlical shaft The lowerend of the vertical i^aft is supported in a step 
or socket, whilst the upper end is carried in bearings formed in the beam, which beam alto servai 
to bind together the side framca standing upon the upper part cf the pug-milL Any required 
number of the ordinanr pug-mill screw-bladea are flKed upon the shaft, so that when the aliaft U 
rauMyl to revolve in Iho pug-mill tbe tcrew- 

blades mil or ntir, and at the same lime foico m. 

the clay out of the pug-mill into the brick 
mnnlila formed in the elides. The prcBsing 
blocks, situated on each side of tbo machine, 
ore actuatid from a cam at the upper end of 
the shaft. Ouidos are oorricd on the frame*, 
and in the guides slido-lH'ds am formed, slides 
being placed therein. Up^m Ihu slides untl- 
friction tollers nre acted upon by tbe cam, 
which, when revolving, causes the slides tn 
rise and fall in the guides, and the pressing 
blocks being connected lo the slidea by tl>e . 
roiU, tliey are raia^ and lowered. When the J 
cLiy hna been forced by the preaaing blotka 
into the moulds in the slidea, the slick'a are 
moved so as to bring another mould below 
the pressing blocks. Tbeso blocks ore again 
b'Wered upon the clay, at the anmo time tbe 
brii^ last mode is bLJiig forced out of the 
mould by one of the preasers, actuated from a 
ram flxed upon the abaft Weights are at- 
tached to the prcaai-rs, and to the weighta roda 
are flied, tbeir loner end sliding vertically in 
guides at right angles to the rods, tlie inner 
ends of the roda being provided with anli- 
friction roUen which bear upon the fam, an 
that by adjusting tbe cam on tbe abaft tlio 
preaseiB may be made to fall at the proper inti r- 
vala for removing the bricks from the moulds. 

Amongst the advantages alaimed for this 
machine is that it hns oidy four bevel wheels, 
while other machines if a aimilar oonatrucli^'U 
have no lesa than ten lievcl wheela. The con- 
necting roda from cninks lo slides are so fitted 
with safety spring*, that should a atone or piece 
nr iron get in to the slides, the springs allow 
the connecting rods to pass, and thus prevent 
injury. The raachino will lum out from 
'^,O0U to 30,000 bricks a day. The engine 
required to drive it is one of 14-in. cylinder 
with a 30-in. stroke. 

The most systemiitic way of working niih this or timilar inaebinw ii to have the cUy oon- 
voyed in bogies drawn by chain or wiic rope on a rail way to the lop of tbe pug-mill, where tbe rlay 
is mixiil with water inta a plastic state. 

Fig. 4T5 iaa longituiliiiHl elevation, partly in ■ecliim, of Dnrand and Mnrsi*' ma-htne: Fig. 4'i;,a 
plan of llie end from wbicli tho bricks are delivered: and Fig. 477, a vertical section of a modiflid 
construction of llie mould with movahk- bottom. The inHCbiiic is mounti'd on a cast-iron fiamiug a. 
The framing hns four plummer blocha '/fiL-f, carrjin;; two pemllel Iransvente shafts i//, of which 
the one / carries the fust and loose driving pulleys ■/, a fly-wheel, and a pinion h, which is in gear 
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utth a large wheel H, on the ■hatlrf.nhtphiilsocnwLeBBevomI cams. The principdcami, Fig.lTS, 

which BctualcBthecompreBsiiiK piston;, ia fixed In the middle of the Bhafl il; it effects mcixtianlf, 

first the progiesiire compreiision of the muterial tn be agKlomereted in the mould ; aeooad, a final 

compTcisioQ of ahort duration ; and, third, the OKpuUioQ of the flotshed briuk. Its ooutour ia shown 

at u, Fi(5. 475, Thia cam acta on the piston j by means of two rollera * fr, monnted loo^l; on aioa 

carried io bearings formed at each endof tbe hollow cage J, which forma an eltenaioa of the piston. 

This ia guided by piecea in the clieuka at the fmming. The two oaler cama n n, alao fixed on tba 

aliaft <J, operate on levers D. pivoted lo the framing, 

and bulled rigidly to a verticul plate E, wiiii;h aerres *''- 

to close the exit orifice of the mould A during 

preasurt, and uncovers tlio mould when the piston 

advancca for expelling the brick on to the faara o o. 

These hnrs ere fixed in an inclined position. The 

rigid holding of the plate E during tbe pressnre is 

secured by uieana of two aupports , 

framing. 

In ordet to prevent tlio bricks, when expelled 
from the mould, from adhering to the face of the 
piston, a small stirrup frsmo </ is provided at the end of the maciiine. on to which the brick paste* 
as it issues from the mould. Tliis stirrup-ftume is guided on either side by the framing a. and ia 
connecti^d to the plate E by minus of two rods or guides r, passing through a pn^*ection s fixed to 
the door. These guides have screw nuts on tiicir upper ends, SO ttiat when the door E baa been 
raised by the action of the Cains n a, operating on the lever D, and the brick has been entirely 
extruded, then by causing the dour to rise a little higher, effected by smalt projections on the 
cams, the projection 9 in pusldiig against Uie nuts causes the stirrap-frame 7, and with it tbe brick. 
'~ ' i alii^htlr raised. The brick, being thus nado to slide against the faoe of the p' ' 




f!ma11 wvpo anertatea are provided in (be aidei and hoHam of the nMold, alao In tbe pisloa 
ttwir, to allow of the caeapc of any excfas of earth at the time of compreaslon, and prevent re*istane«> 
Tlniiii.m™i)(iapi>rliirosmay bodisponaBd with by employing another arrangement. Fig. 477, In which 
a portion oMho hollom of tho moald, at least eqnal to tbe width of the bri^ It hinged to tlie end of 
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a weighted lever e. By increostDg (he weight, or by altering its dulance from tho fulcnim. the 
piemire reainted hj tlie movable bottom, and oonsequcutly the def^ree of oonipreHsiun of tlia 
material, amy be regulated. Should this pressure be exceeded the mnvnble bottom will deeceni], 
■□d prevent fractnre of the msohiue. Tho maohine can be arranged cither «n;-lB or double acting. 
In the latter rose tlie piston, i, ie extended baeknank, and arranged to work in a similar moald. 

Btabbi' brick-presaing machine. Figs. il8, 479, aa manufactured by W. O. Bagnall. conaiela of 
a revoWing table, which contaioa six double dies A B U E F, the table being liied on a rertioal 
■haft, running in gun-metal bearing! at top and bott(Hn, and Bupported by caat-jroa anti-friction 
rellen an brackets bolted lo the foundation plate. 

The pnwer is tranamitted to the shaft, and afterworda thToa<:h a p^ of elliptic wheels H I to 
the shaft J, aod off the abaft J through a pair of mitre wheels K L to the shaft H, on which la 
fixed a double-flanged spur pinion N, gearing into a ring cast on periphery of the table O. The 
pinion N is geared into the spur ring on the table in the proportion of 6 to 1, ooneequently, for 
every reTolutiou of the elliptic wheels one die is brought under pressure when the motion Is 
retarded : tliia also allows tune for filling and taking off. The clay is discharged out of the 
pag mill, through a mouthpiece of suitable size, on lo tlie wiro-culting table, and is there cut 
into blocks b; an attendant, who places tiiem in die A. As tlie table reTolves the die is carried round, 
until the anti'friction roller on the bed comes Into contact witb curved bar Q, which ia seeured to 
the bracket R,by which the oover is ahut on top of the die. The die then passes nudtr the bracket P. 
Each die is provided with a sliding bottom, aupported on the bedplate by lags fitted with anti- 
friction roUera. While the cover is running under the bracktt P, the bottom is gradually rising up 
the inrUne B, which gives considerable pressure, and brings the brick to the shape required, In 
the lids there are small holes to allow the air and surplus clay to pass off. This pressure is again 



relieved before leaving the bracket, when by the gearing of the elliptio wheels, the motion of the 
table is accelerated. Immediately the diepassee from under the bracket F, the ball on end of th<~ 
lever is caught by the curved mr T. The hinged lid is thrown open, the bull being used b 



The rollers connected to bottom of tlie die then run up the incline a, nhich throws 
the bricks above the level of the die, so that they can readily be rtrmovid by hand nt die E. 
The bracket P is packed at the back with indiarubbcr, which wul give way when any UDnecessary 
strain ii brocuht to bear on the press. This table will press IB,00b bricks a day, and is adapted 
for clay eootaining sand and other impurities. With auperior clay, pressed brieks can be turned 
out in a setnidry condition. 

SmiHJrjr Biick-makhig MacMne. — The importance of utilizing shale accompanying eoal and other 
mioeials luta long been recognized. The usual and well-known proceeiof brick making from plaatio 
^y baa been found nnsuitable for the utilization of shale, or rock Qre-clays. These are not 
■oftened by weathering, nor reduced to a sufficiently fine condition by ordinary preparing machinery 
to be expressed through dies. H. Clayton, Bon, A Hewlett have constructed a set of machines 
for making bricks from coal shale, bind, fire-clay, and other non-plastie materials. The apparatus 
onnsists of a powerfol mill hating a perfbrated bottom, and a press, both being worked by power. 
Fie. 180 ia an elevation of the plant. Fig. 481, a plan of the grinding and sifting mill. Figs. 482, 483, 
Me and front elevations of the brick-moulduig and preasing machine. 



The engine for driving lh« entire nmchiner^ ia of 10 horse-power. To Fig. 480, A is tho 
mill, B a set of elevators, and C the press or brick machine. The rotating pan runner mill ia 
fi fL in dUtneter, and is driven by bevel gearing overhead. The runners are of cast iron, each 
weighing about two tons. The pan is fitted with a c«st-lron ring, forming the path of the mnners, 
■udtheoaterfartof the bottom of the pan ia huuished with a aerlca of perforated •sgmenls, for 
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sifiiDg the material after it ha« been pulterized. Tho groiind clay poaoea Ihmugb the peiformtal 
platcB and fsllii into a cnlcher, out of whicli it ia ewept by armii fixed to tha bottom of tbe pans iota 
a general receiver. Tlio nionera reiolve aeainat the 'motion of tho paa od a faoritootal ihan, 
carritii in Tcrtieal guidua at each end, and hollowed at tho centm for the Tertical driiiog shaft of 
tlie pan to pass throush. Tho eleraloni consist of a band fumisheil witli buckets, which carry tba 
gn und material from tho roceirer, and deliver it into 
the hopper of tbe moiililing and pressing machine. **'. 

The framework of the pressing machine. Figs. 
482, 48:1, ooiuii.t9 of tvo vertical standards bolted 
to a cast-iron foundatinn pble, and connected at tbe 
lop hj a Btrctclior plate, A hollow casing or box 
is bolted between the aide itandiirds, and is fitted 
with luoee linings or moulils. Tho lower pressing 
piatonB are attached to a cross-bar, srrangecl to slide 
in vertical guides in tbe main standards, with Mo- 
tion rolk-rs on the lower ends. Tbe main shaft is 
driven by compound gearing, and revolves in bear- 
ings in the main framing. Upon tbls eheft are fixed 
two pressing cams, whicli work in contact with the 
rollers on the lower pressing pistons. There are - 
two cranks on tLe main sliafl, one at each end, with 
connecting rods for gifitig motion to the crossbead 
above. This croashcad slides in gnides in the 
framing, nnd to it are attached the upper pistODS. 
TbMe pistons are liolloiv, and are heated by sLeam .... 
to prevent the material adhering to tliem. Ther 
are fixed upon blocks held firmly in the crosshead 
and have only a vertical motion. The upper parts 
of the blocks are made smaller, and have screw 
threads cut upon them. Volute springs are coiled 
round the screws, and plates are plscoii upon tbe top 
of tbe springB, which ^can be screwed down to any 
desired degree of oompresxion, thus regulating the 
amount of pressure to which tlie bricks are to bo 

subjected. There are bolls passing through the croaahend, and also tlirough the plates, by 
screwing ig> or oikBcrewiug wliicb the piston can be made to de.w(-nd a greater or leas distance into 
the moulds, thus forming thinner or thicker bricks as required. Regulating wedges are placed under 
the loirei cron-bar, and ore odjuatctl by imall hand wheels. The croas-bar when in it« lowest 



position reals upon tliei _.__„._,_ ^ - .. j - - 

pistons on the croas-bar do not descend to the full extent Thus tbe depth of Ibe mould*, and 
eonB<i|u<nlly tbe qiiaiitiiy oF materii'l admitled into them, may be tegidaled aooording lo tbe 
nature of tlie material and siie of brick required. 

Tbe prepared material is feil into the tv,a moulds by a self-acting arrangemenL A meaanre or 
feed-box aljdia to and fro under the feeding hopper of tbe machine, and thos postca alternately 
nnder it and over the mouM-, conveying each time uiifflcient matcrtal for filling the moulda Tbe 
feed-box is nctuatid by friclion rollers attached to the crosshend, and in tbt-ir motion with it they 
traverse a slotteil choae, formed in each one of a pair of swinging arms, connected one on each side 
of tbe feed-box. The cbaae is of such a shape as lo ensure tho requisite intermittent and altemala 
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motion of the fted-box. The mnalls are iDa.ie portdihle, and fit into the hollow mould cftsin^, 
BO that they may be easily taken oat and moulds of other sixes or shapes inftmduced in their places^ 
Correspondingly, the top an I boftrm pistons can also be reoiOTe i vith facility. Thus by the same 
machine a large variety of stiapes and sixes of bricks may be produced. 

In this apparatns the pressure is given simultaneoualy at the top and bottom of the brick, an<l 
the whole of the pressing nction is derived from cams and cranks all fixed or formed upon one 
main shaft The whole of the pressing strain is su^tiiined between the lower cam shaft and the 
top pistcms, and is virtoally taken by the side arms, which are made of sufficient stren^tli to resist 
the strains brought upon them. The frame is thus entirely relieved fmm all strain. The bricks 
when presseil are delivered from the moulds by the lower pistons, which are foro^ upwards by 
the complete revolution of the cams, and the newly-made bricks are m ived forwoixl by the 
approach of the feed-box with a fresh diarge of the materiid. Tiie lower pistons then fall, and the 
moulds are refilled ready for the next pressure. For couveying the bricks from the madiine an 
endless travelling band is employed. 

Brick'^haping Machines, — Lloyd's brick-shaping machine. Fig. 481. is for brick surfacing and 
moulding by means of emery whet-ls. The machine consists of a horixontal cast-iron base plate, 
carrying the vertical frame prOTided with a screw, by means 
of which the headstock carrring the spindle of the emery 
wheel can be raised and lowered at will. The headstock can 
be adjusted so as to set the spindle at various angles to under- 
cut the mouldings, and to cut arch-bricks. To lioltl the brick 
tluring the process of shaping, a slide is made of wood, with a 
shallow box, in which the brick is fixed by means of a wooden 
wedge. As for various purposes bricks have to be held in 
different positions, and for arch-bricks at different angles, it 
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is better not to have any permanent metal arranc^ment for ^ "ff ■ 

holding the bricks, but to prepare these wooden slides when- (^ Lis 1. 

ever wanted. A piece of wood across the end of the slide 

serves as a rest for the hands of the labourer working the 

macliine, and a guard oyer the emery wheel avoids all danger 

from the wheel breaking. The emery wheels arc from 8 in. 

to 12 in. diameter, and of course of any shape for moulding or 

surfacing. They are run at about 1800 revolutions a minute, 

and one labourer passes about 1500 bricks throngh the 

machine daily. If a brick requires both surfacing and moulding, about 500 w<ll be fioished in a day. 

The emery wheels can be faced by friction with a piece of gas-pipe, running the wheel very slowly. 

Slag Bricks. — The Cleveland Slag Company have paid considerable attention to the manufacturo 
of bricks from slag, amongst numerous attempts to utilize this waste material, and the roost im- 
portant item of their production is slug bricks for building purposes. These bricks are made from 
the slag sand, produoed by a special machine at the blast furnaces. The sand is mixed with 
selenitic lime with addition of oxide of iron, and is pressed in a machine to be presently described. 
At the comipencement of operations it was found that there was no machine made in Kngland that 
ooulil work the material, in the state in which it is produced at the furnaces, without previous 
preparation ; and this preparation to suit the brick press so increased tiie cost of the bricks as to 
exclude them from the market. It was therefore necessary to design a special press to work tiio 
sand, just as it comes from the slag-sand machines, directly into brides. In designing this machine, 
the following points had to be kept in view ; — great deptii of mouldn, because the slag sand is very 
spongy and compressible; an arrangement by which the water could escape from the moulds 
without blowing the bricks to pieces ; g^reat pressure, in order to consolidate the sand in the moulds ; 
prevention of over-pressure ; regularity in proportions of lime, and in filling the moulds. 

In the brick press. Figs. 485, 486, designed to meet tb( se requirements, the pressure is given by 
two cast-steel cams, fixed upon a forged steel shaft, 7^ in. diameter. This shaft, resting on bearings 
between two strong A frames, is put in motion by very powerful double-geared spur-wheels, the first 
motion-shaft carrying a heavy fly-wheel. The pressure cams B act against rollers fixed u|X)n two steel 
rams X. These cams transmit the pressure to the moulds in the table C. The table is circular and 
contains six pair of moulds, so that four bricks are pressed at one time, the table remaining 
stationary during the operation. At the same time as the bricks are undergoing pressure, two other 
pairs of moulds are being filled with material; and the remaining two pairs are delivering up the 
four bricks pressed at ti.e previous revolution of the cam- shaft. The bricks are pushed out of the 
mould by smaller pistons D, acted upon by the separate cams E. The moulus are line d with 
changeable steel plates ^ in. thick, and the sand and lime is fed into them by two pug-mills N. 
These pug-mills are fitted with kix knives each. Tlie table is shifted round by a kind of ratolu«t 
motion, also worked by a cam on the outside of the framework F, and acting upon the weigh iHir 
and levers J. Immediately above the pressure cylinders are two pressure bUt\vi G, which are lichl 
down by the heavy weighted levers H. These levers H therefore receive tho wliolo prcHMure put 
upon the bricks, and in case there should be too much sand in the roouMs, these levers rise and 
relieve the strain. The weights I can be weighted as required, and thus exactly gauge tho 
pressure upon the bricks. In ordinary work the moulds are filled so as to nearly lilt the Iovits. 
The filling is easily regulated by the set of knives upon the pug-shafts, which nress the material 
into the moold C. One side of the pug-mill cylinder is removable, so that the knives arc si ways 
accessible. The pug-mills are filled by means of the measuring and mixing apparatUM, plr*cod on 
the floor immediately above the brick presst The mixing and measuring apparatus is niinphi and 
efficient. The slag-sand is tipr>ed into a hopper from large barrows, liftof by a holMt. At tho 
bottom of this hopper is a revolving cylinder K, with ribs cast upon it, which, as it revolves, «iirih's 
with it a certain thickness of sand, the thickness having b<'en previously reguUted Ut the r<«qulre- 
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tnenUoftbeprcM. The slagUien fulU oproi a iieTe L.vliich sepantl«*ui7 large pieoeiof lUgln 
a ■olid state, anil at the nme time allom the faUitig sand to paw tlirou^th the dawe. The lime ia 
fed into a separate lioppei, an<l its sQppty is regulated vi ly mnch like the feed of com into mill- 
etoDea^ The lima then puHses down a shnot, which funns pait of tlie flag-sand sieve, where it meets 
the shower of sand, falling together with it ami getting thoronghl; miitd. 



The bricks, when taken from the brick press, are plooed upon apring hsrrowfi, hoUJog fitlr 
Meh. The; are then ctacked In abeds, where they are allowed to mnain about flve or sli daja, 
after which tbey are sinipl; stsckeil oatside in the weather to haiden. The percentage of lam 
ia Terr little, not amounting to 2 or S per cent. Each macbioe is capable of taming uat 10,000 
bricka in a day. 

The foUowini; ate a few of the adTaiilju:es of these concrete slag-sand bricks. Being pieaaed, 
tliey are perfectly uniform in fixe and thickness i they ere much cheaper tlian ordinary red bricks 
compared in weight wntb w1iii;h they are 1 ton a thonsnd lighter; there are no wasters nor 
balvea: nails can be driven into these bricks without splitting thcn^ saviag plugging in the walls 
for skirting and dnorwork. 

/lf:'o(i.— A brick is a qoantity of olay, mixed with sand, prwsed in a moald, dried it 
and nearly always baked by Bre. Bricks may, however, be divided into tlwae dried i 



and thoae baked or bsnleneil by Are. bnn-dried bricks have no eiteDdve use except in eqnatona] 
ronntriea, and to impart to them snffirient durability, it is ueceasary to oover them with aa 
impermeable cnrnpoand of lime and clay. Burnt bricks mny be divided into refractor; or Bte- 
clay bricks and ordinary bricks. Kefracfury or infusible bricks are made from clays ountaining 
neither lime nur oiide of iron, and are employed in the oonatruction of fitmacea and apparatua 
intended to withstand high temperaturea. Ordinary bricks are roctangnlar pandlelopipeds, varj- 
'_ .. '"u according to locality and purpose of manufacture. 
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The following are aooie YarietiM of ofdinary briekai Air-brieka {neroed with holes to allow of 
the paaaage of air. Arch-lvieka, paitiallj Titrified faticka Inm the arches of the clamp or kiln in 
which the bricka are bonit Capping bncfca, shaped for the npper ooorse of a wulL Clinkers, 
bricks taken from the areli of a damp and of glassj structure. Compass bricks are Tooaaoir-shaped 
for archea Coping-bricks, shaped or selected bricks for coping coorsea. Feather-edged bricks, 
with bevelled edge for vaults and arches. This term is al^so applied to bricka of prismatic 
shape, for building on the skew. Stocks, grizels, and the like are local terms applied to Tarious 
qualities of bricks. 

The average specific gravity of well-made bricka is 1*811; a cubic foot weighs 115 lb. and 
abeorbs -^ of its weight oi watar. The force required to crush an ordinary brick is about 500 to 
550 lb. a square inch. 

Bricks BQould be made vrith clays of the beat quality, piviperl v blended. They should be sharpl v 
and perfectly muulded, without brwakage or cracks, wellJiaked, but not burnt ; they should be liard, 
compact, tenacious, and of fine grain. Their further characteristics and uses in constructiua will be 
found described under the heads " Construction,'* ** Bond," and ** Brick Machinery ," in this Dictionary. 

Bri^-earth or common day should be neither too rich (fat) nor too poor, that is, neither 
too clavey nor too sandy. The richer days, which contain too modi alumina, are plastic, 
and subject to deformation during drying and baking. The remedy for this is the addition of 
silica or sandy matter which imparts greater doeeuess. Too poor days, or clays too highly 
charged with silica, dry easily, but make porous and absorbent bncks, friable and of low strength. 
These bricks never acquire satisfiictory durability by baking. The remedv is the admixture of a 
proper quantity of fat clay, such as Slmmeridge day. Bride-earth should contain no smidl stones 
that can interfere with the homogeneity of the worked day, nor substances susceptible of decom* 
position during burning, euch ss iron pyrites, flints, or limestone. The finest earths do not always 
rumish the best products, bat the clay in any case should not contain fusible substances, because 
the bricks would then vitrify during baking. The best method of determining the qualities of 
a day is by trial upon a small scale. To this end bome bricks are prepared which are allowed to dry 
slowly, and then submitted to burning in a lime-kiln. 

Ordinary Iwick earths have for chief constituents alumina and silica, in combination with lime, 
magnesia, or iron. But chemical analysis does not assist the brickmtiker in determiuing the value 
of an earth for his pnrpoge, because it does not account for the mechanical conditions of the 
constituents, for instance whether the silica exists as sand or as a combined silicate. In whatever 
state the constitnents may be, their chemical effect during firing or burning is similar. 

Alumina imparts to clay its pUstic properties, but a brick containing too much alumina warps 
or cracks in drying, and becomes very hard during bumieg. 

Silica, in the presence of alumina only, is in&sible at ordinary temperatures, but the presence 
of a small quantity of oxide of iron, which acts as a flux, renders the alumina and silica fusible at a 
low temperature. Sand prevents cracking, shrinkage, or warping, and provides the silioa necessary 
for partial vitrification ; the larger the proportion of sand, the more homogeneoud the structure of 
the brick. But excess of sand caufes britileness. 

Lime lessens the contraction of the bricks in drying, and acts as a flux upon the silioa during 
burning. Excess of lime renders the brick too fusible. Lime, when present, mubt be in impalpable 
powder, because during burning, the lime, if occuring as limestone, decomposes, and the atroonio 
acid given off splits the brick, or the quick-lime formed alao splits the brick when wt*tted. Bricks 
containing lime should be well-soaked before use. 

Oxide of iron, besides rendering silica and alumina fusible as described, affecte the colour of tho 
bricks, producing tints varying from light yellow to deep red. When there is 8 per cent, or more 
of oxide of iron, and when the brick is submitted to fieroo flring, the red oxide is oouvorttHl into 
black oxide, which fuses with the silica, imparting a dark blue or pnrple colour. Lime with iron 
in small quantities produces a cream-coloured brick ; increase of iron produces a red, and of lime 
a brown colour. In red-biicks oxide of iron is presesent iu large percentage, but not fused. In 
the presence of iron, magnesia imparts a yellow colour to the brick ; and manganese darkens tUe 
colour that iron imparts to a Hue biick. 

Iron pyrites is a very prejudicial, though common, constituent of clay ; it is partially decomposed 
during burning, then oxidizes in the brick, producing so-called flowery liri'kH, and eauHin^ nplitling. 

Common salt, sodium chloride, acts as a powerful flux, and only the oommoncBt brieks known 
as place bricks, can be made from clay containing much salt. The hygroscopic nature of salt 
always causes the brick to be strongly absorbent of moisture. 

Chalk is added to some clays to produce white bri;ks. 

Brick eartlis may be thus divided ; — 

Plastic, fat, or strong clays, composed chiefly of silica and alumina, with small pn>ix>rtiou of 

lime and other coustituents, excepting iron. 
Loams or mild days, sandy clays. 
Ivlorls calcareous or chalkv clavs 

Malm*, an imitation of natural marl, is compounded of day and chalk, the operation being 
generally performed in a wash-mill. . 

Good brick-earth should contain sufficient flux to bring its constituents into funlon at fUrnaoo 
heat. A greater quantity of flui will cause the bricks to become vitrifle<l or glazed. Tho IwNt 
earths contain 20 to 30 per cent, of alumina, and 50 to 60 per cent, of silioa. Tho bricks miulu 
from such earths are a silicate of alumina with silicate of lime or other flux, and de|wn«l for 
quality on the selection and mixing of the clay. . , , . ^i 

Pure or fat clays are sometimes used without any addition, and tho sand contalnwl Is them 
usuaUy suflBlcient to prevent too much contraction. These clays during baklnff do n«jt Ikwohw 
Buflfciently fused to thoroughly agglomerate the mass, and therefore do not so well wltlmtitnd wijatlinr • 
ing as a partly vitrified brick. Clays of this cliaracter are oonsequenUy linprovo<l by tho addUloti 
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of silica in the furm of saml, with lime to act as a flux. Instead of lime, ashes are used to yield 
alkalies as a flux. lilarls are best suited for brickmaking direct from the clay without admixture. 

Good building bricks should be free from cracks, flaws, stones, or lumps of any kind, regular 
in shape and uniform in size. The edges, or ari^ies, as the edges are termea, should be square and 
sharp. Hollow surfaced bricks are to be avoided ; the surface should be flat and not too smooth. 
Badly burnt bricks absorb a larger quantity of water, and soon become rr>tten. Average bricks 
absorb generally aboUt 16 per cent, of their weights of water ; only highly vitrified bricks absorb as 
little as -^ of their weight as is generally stated in text books. Thoroughly hard -burnt bricks have 
a metallic sound when struck together ; a dull sound is generally indicative of soft or cracked bricks. 

Clamp, or kiln-bumt, and machine-made bricks are easily to be distinguished. Traces of 
breeze are to be found in clamp-burnt bricks. Eiln-bumt bricks have sometimes coloured stripes 
upon the sides, caused by the arrangement of the bricks in the kiln. Machine-made bricks are to 
be distinguished, either by the marks of the cutting wires, by the peculiar form of the mould, or by 
having a frog, or hollow, on both sides. 

Ordinary London bricks are about 8f in. long, 4^ wide, and 2} thick. The weight of a brick 
is about 7 lb. These dimensions are very slightly departed ftrom, but in Bootland and the north of 
England bricks are larger and heavier. To obtain good bonding in brickwork, the length of each 
brick must exceed twice its breadth by the thickness of a mortar joint 

The following tables give the size and weight of the most used varieties of bricks in England, 
and the resistance of these varieties to compression ; the authorities are chiefly Latham and Grant. 

Table of Sizes and Weights of various kinds of English Bricks. 



Description. 



Dimensions. 



Weight. 



London stock 

Red kiln 

Fareham reds 

„ rubbers . . 
Lancashire red brick .. 
Leeds pressed brick . . 
6audyfauld Scotcli brick 
Glasgow bricks .. 
Burhiim wire cut 

„ pressed .. 
Suiiblk brimstone 
white 



»> 



Staflbrd;ihire paving .. 

„ edge-paving 

Tinton blue 

Adamantine clinker . . 
Dutch 



75 
75 
5 
9 

5 
5 



»» 



8- 
8- 
8 
10 
9 
9 
9 
9 

8-6 
8-75 
9 

9-2 
9 
9 
9 
9 
6 
6-25 



inches. 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 
2 
3 



25 

25 

15 

8 

5 

5 

5 

3 



2 

6 

3 

5 

5 

5 
5 



X 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



2-75 

2-75 

2*6 

2-9 

3 

3-5 

3*5 

3-4 

2-6 

2-7 

2-6 

2-6 

3 

2 

3-5 

3 

1-75 

15 



lbs. 
6-81 



6 




3 



8-8 

8-9 
10 

9-7 

8-6 

5-4 

6 

6 

6 

8 

6 

7 
10 

2 

1 



1 
8 
3 
9 
1 
8 



55 



Weight a 1000. 

cwts. 

60-75 

63 

56 2 

78-5 

80 

89 

86-6 

58-2 

54-5 

60-7 

56-2 

80 

55 

70 

89 

18 

U 



Resistance op Bricks to Compression. 



Dccicriptton. 



IJnbumt brick 

Common red 

Machine „ 

Common stock 

Si ttingbourno stock .. 

Fareham rtds 

„ rubbers 

Tipton bine 

Exbury best 

„ seconds 

„ thirds 

Suflfolk biinistonn 

„ best whites 
GauU 

„ wirr-cut 

«, „ white .. 

Prcfsod ganlt . . * . . 

«t *• ...... 

Statt*Mrdshiru dressed bine .. 
„ pressed „ .. 

„ common „ .. 

„ bastard .. 

Brown ^'liizcd brick .. 



Dimensions. 



AlT>« 

cxposrd to 
Crushing. 



Average 

Welglit urKl^■^ 

wliich Brick 

Cracked. 



Avenge 

Wrigbt 

nquind to 

Crush Brick. 



8 
9 
9 
8 
8 
8 
10 
8 
8 
8 
8 
9 
9 
8 
8 
9 
8 
8 
9 
K 
9 
9 




9 

3 
9 
8 
5 
2 



ituhos. 
x4'4 X 



Weight 

Tvqnired a 

ftq. In to 

Crush Brick. 




tOfM 

0-23 
96 
79 
56 
93 
72 
32 
39 
76 
0*77 
0-8:^ 
77 
47 
1>4 





3 














0-95 



I 

I 

1 

2 

!• 



1 





35 
23 

00 
80 
86 
95 
01 
58 
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Besides tlie dedcriptions of biickd already detailed, there are tlie following varieties and sub- 
varieties ; — 

Splits, or spUt-bricks, are reduced in tliiokness to the dimcniiions of 9 in. by 4^ in. by 1 in, 1} or 
2 in. Soaps are about 9 in., by 2J in. wide, by 2J thick, and sometimes pierced for ventilating. 

Gutters, or mbbera, are bricks intended to be shaped by cutting or abrasion to some required 
pcittern. These bricks are made soft, generally of wa:ihed earth, freed from lumps, and of uniform 
compositiou. These bricks are not allowed to vitrify in the kiln, and in inferior qualities the 
firing is too early discontinued, so that the bricks have no cohesion, and are quickly destroyed by 
rain and frost. In all cases whore the work is exposed to the influence of the weather, purpose- 
made, or specially formed bricks, should be employe J, because the vitrified surface prevents 
penetration of moisture. 

In Kentish brick-fields, bricks are generaUy divided into three classes ; malms, washed, and 
common, the difference being determined by the mode of preparing the earth. For common bricks 
the earth is not washed. All are moulded and burned in the same manner, and are sorted after 
burning. 

Shippers are bricks deformed in burning, chiefly used to ballast vessels, in order to export 
bricks at small cost. 

Stocks, bricks hard burnt, but inferior to shippers, chiefly used for ordinary work. Hard stocks 
are overbumt, having defects in form and colour, but otherwise sound, chiefly employed in the 
Ixxiy of thick walls. 

Grizels, or grizzles, are underburat, have little coherent strength, and from the stones contained 
are very liable to fracture. These bricks are used for very inferior or temporary work, and when 
used for permanent structures are always coated with cement. 

Chuffs are useless bricks upon which rain has fallen, while the bricks were hot. 

Burrs are lumps of vitrified brick earth, as may be seen in artificial rockwork or grottoes, 
obtained from the fusing of the bricks nearest the fire in the kiln or clamp. 

Bats are half or broken bricks. 

White bricks are best made from refractory clay and a fine white or yellow sand ; this day 
burns white, and the sand vitrifies at a high temperature. Every clay containing not more than 
6 per cent, of iron, when mixed with chalk, will yield a white brick, but care must be taken that 
the day is strong enough to allow of sufficient admixture of chalk. White bricks are best burnt in 
close kilns to prevent deposits of soot ; they must be allowed to oojI gradually, or they crack. 
White bricks b«ing made from clays of high specific gravity are generally perforated or constructed 
holluw. Irremovable green stains occur on undcrbumt white bricks, which can be remedied by 
painting the brick with a wash of the same brick clay, made with a solution of blue copperas, 
allowing this wash to remain on the brick until dry, then rubbing off with a hard brush. 

Gaults are white bricks made from a bluish tenacious cliiy occurring between the Upper and 
Lower Greensand formations. This clay contains sufficient chalk to impart a white colour to the 
brick as well as to act as a flux. These bricks are of superior durability and hardness, but are very 
heavy, and for the latter reason are generally perforated or con»tructed with a deep frog. Suffolk 
whites are also made from the GaiUt clay, and are good rubbers, as they contain a considerable 
pruportion of sand. These bricks burden by time, this hardening being probably due to the silicio 
acid of the clay combining with the lime gradually to form silicate of lime. 

Exbury, or Beaulieu, bricks, are made from the white clay occurring on the banks and 
bottom of the Beaulieu river, near Southampton. These are white bricks and are largely used 
for facing. 

Staffordshire bricks are, as their name implies, made from the Staffordshire clays. These clays 
and mails contain 7 to 10 per cent, of oxide of iron, consequently the bricks are blue-black in 
colour. 1 hese bricks are impervious to water, resist great pressure, and are very durable. They 
ari) imitated by washing over inferior bricks with a solution of iron. 

Dust bricks are made with coal dust instead of sand, and are vitreous and durable. 

Ftireham reds are from a plastic clay occurring in tbe deep beils around Fareham, are very 
superior bricks, but should not have the surface removed by rubbing. These bricks were exten- 
aivcly employed for the facings of St. Thomas' Hospital, London. 

Nottingham dry clay bricks ore made by the dry clay process, and generally burnt in Hoffman's 
kilns. Part of St Pancras Station, London, is constructed with these bricks. 

Datch diidiers are small, thorouglily vitrified bricks, chiefly used for pavings. 

Salted bricks have a glaze produced upon their surface by throwing salt upon the fires during 
burning. 

Concrete bricks are simply blocks of concrete, details of which will be found described under 
the head of Concrete. The following remarks u()on the preparation of brick-eartlis, whether for 
moulding by machine or hand, will complete the information on this branch. 

When the clay is very hard, marly in character, containing lumps of race or limestone, it is 
ground between iron rollers. 

Malm is dug in the autumn. It is at once conveyed, with due proportion of ground chalk, to 
the washmill. The chalk averages about 6 per cent, of the clay. This mixture is reduced to a 
thick cream, and is then run off into backs or shallow tanks, where it remains until nearly solidified. 
It is at this stage soiled, or covered with about ^ of its depth witli screened cinders, and hUowed to 
remain for weathering throughout the winter; alter this the bncks are dug out, and the cluy and 
ashes pugged together. This method of preparing malm is known as washing. 

The quantity of clay required for 1000 ordinary bricks varies from 1^ to 3^ cubic yards, as 
measured before digging, the stronger clays requiring to be in the greater quantities. 

Hand Moulding. ^The dimensions of the moulds are such as to allow tor the contraction of the 
clay in burning, the linear measurements being from 8 to 10 per cent, more than in the finisht d 
brick. The superfluous clay is removed fit>m the mould by a piece of wood or steel, termed a 
Btrike. In slop-moulding the brick is frequently dipped into water, to prevent adhesion of the clay. 
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Band U obo used foi tliia piupoBB ; the proceag U then turmed land-mauldiiig, and there it prodnoed 
a oli.'aner and aharper brick, 

As each briak is pa^taod from tho hand^ of the moulder, it ia either carried by ■ boj, itill in the 
moold, lo tha drjmg shed, tlie mouldB being returned, or it is deposited upon a pallet-board, vhich 
ia remoTed apou a L'lck-burrow, mounted on springs and running upon suiootb wronght-inni 
wlieeling pInteB, so as not to shako the briuk. 

To secure tlie mould upon the stock-txianl, whilst in tha moulder's hands, this board has a 
projection, which fornrn the boUow in the brick, termed the frog or kick. Tliis hollow aervea ai a 
mortice int'> wliioli the mortar cao key. Bricks are laid with the frog uppenuoat. Wire-cut briclci 
are withoat this hallow. 



In drying, tha biio^ are placed npon hacks, lone parallel banks raised aboat 6 in. horn tfao 
ground, and nuilt of dry brick rubbish and ashee. They should not be more than eight courses in 
dt-pth, or tha lower may be crosbeJ. When the bricks ure semi-dried they are sointled, or placed 
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manufacture of pipes includes seveial operations ; the preparation of the earth, moulding, d/^ing, 
and burning. 

Preparaiion of the earth. — All kinds of orgillaoeons earth, from ordinary brick-earth to pUstio 
clay, can be employed in tho maDufaoture of drainage pottery, under coitditioni of eouvenieot 
preparation. It is eepecially important that the moulded clay should be homogeneous, highly 
tenacious, and should Dot oontain stones nor any foreign substance likely to interfere with ita 
passage through the machine. This is atuinable by hand operations with jptuit difficulty and 
expense, and is best effected with the aid of machinery, A field having been eelocted as accessible 
as possibK the vegetable earth or surface soil is remoTid for about Id in., and the day removed. 
This operation is usually perrormed in autumn, and the clay is allowed to weather during the 
winter. Manufacture eommeucoa iu tho spring. The clay is passed between rollers which aT« 
about I in. apart. Zt is then thrown into a pug-mill, and worked into a condition suitable for 
montding. 

Drying. — After moulding, presently to be described, the pipes are dried under covered ahedg, in 
rucks. When the pipes are half dried, tboy are rolled, if naceiisary, to maintain tbeir cylindrioal 



ling,— The burning usually takes place in kilns, which will be found to bo described nndoi 
, ,ier heading in Ibis Dictionary, page 217t^, and in Bnb:iequi;nt pages. 
Houlding. — Muohines for the maniifiictnre of drainage tubes nave their origin in the old 



system of presses employed, in several c< 
rater-^^nduita. TliO:<e presses eomist of a vi 
A piston, actuated by a sor 
■□utar orifice, to form the p 
diaintige pipes the press is preserved, but 
conaideiabio Gffi«t upou the production. 
Fiually the whole system was rendered 
portable, of course with groiit practi<«l 
advantage. These maobiu.s may be 
clas.-ied as continuous aud iuterm ttijnt 
mavbiues. 

An example of a continuous machine 
is that of Aioslie, Pig. 487, consisting of 

A toothed whi'Cl is uiounieu on lue aiis oi 
tho lower cylinder, gearing with a solid 

Einion, carrying a fly-wheel and crauk- 
andlc. At one end of the cylinders each 
has a tootliod whei-l in gearing, to pro- 
duce the opposite rotary motM^ii. Ttie 
carrier is an endless band, moving on 
rollers, arranged iu the rear of the uiuchine, 
from which the clay is coiilinuuiiBly fed 
undi'r the cylinders by a workman. In 
front of the cylinders is a box of wh icb the 
rcllers form one aide, the clay isiuing by 
orifices on the other side. As the pipes 
issue frein theno oriQeea or dies, they are 

carried forwnr^l mi an endless band, aud are cnl to the required longlh by bran wir.'s drawn 
transwrsely. This machine is one of the earliest forms of pipe-makieg machines in which bond 
powi'r is empleycd, and requires the sasistnnoe of four men and several boys. 

Champion's macliine, h ig. 488, consiats of a circular horiwmta] plate about 1 1t. G in. in diameter, 

,_..„., u.. .„.. . ..,._. . _ from an aile,wiUi pinion or crown wheel Abovs 

n imu arm terminated by a cone which imparts In 

— 1 cnvrr is fixed above the horiioDtal plate, 

nith a space of about ! in. between Ibu 
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lower edge ftnd the hoe of the plate. The olft; |iUoed upon the circular plate ia drawn bj the 
roluy moiement, and gtronglj presaad Bgabist tbe Tertical lEde of the box, au.l beiog foned (□ 
etcspe beneoth this vertical partition to the moulding noiile, ia oleared from atonea. 

AU iuIermitteDt machitiee intended fur the manuraotuie of drain>ige tubes are baaed DpoD the 
aaae priociple. A piston, Botaated by a raokwurli and pinion, oompreeBes the paste in ■ ojlindet 
or boLand forces it to issue by the diea. The diffbreuoea 
*rs in the nnmber of oylindera and the poaitioti of t)ie 

Clayton's machine oangistii of two vertical cast-iron 
rylindera alteroately broaght into work, in which pistona 
strongly oompreea the elay through the maulding nozzle. 
This macbine so closely reaeuihlos ttie briok-ioabiag 
nucliine, being iodeed a brick machine applied to another 
purpose, aa to render detailed description uanc<:essary. 

Banders' and WillLtms' machine oonsista of n rect- 
angular box A, Fig. 48!), mouated between heavy aides 
B, on a base C, on wheels. The two ends of the box 
are open, except that one reoeiTee tlie piston D, and the ' 
other the rjOem of diee E. This Hrrangemeut admila of 

leplaciog the diea by a sheet of irou, pierced with holes for ino purpose oi oieaaing tue eanu irom 
alonea. To maintsin tlie dies in poaition, a keyed pin c ia employed, with a groove which engagi's 
the lower end nf the die plate. Thi piiiton oonsiKta of a head and a rack bar F, nctunled by Ilia 
pinion G and the wheel J and intermediate georiag. !□ order to introduce the clay into tbe box A, 
a lid H is provided, rai^ied by means of a handle, and clamped with a sliding nut B. 




The die couaista of a caat-iron plate, in which ia arranged a certain number of holea, of a 
diameter exactly that to be given to the exterior of the pipt-a. lu tbe centre of theae holes is 
arranged amondril^ truly centered, and maintained in position h; the tie-bar h. Thoapooe between 
the die and the mandril ia intended for the passage of the clay to form the pipes, and mnst be 
sdjnsted to give the thickness to the pipe desired. On isauing from the die« tlie pipe« T are 
received on an endlesa band B, moving on rollers. They are then cat to a given length. In the 
piaton D is a vnlve and air holes to admit air on the buck atroke of the piatoo to prevent snotion. 

Other examples of pipe-making machines ore founded strictly upon the congtrnction of brick- 
making muchinea, except in tbe form of the die, and it is therefore nnneceasary to repent tlie 
deacription. 

Barroimaad Connryano of MaUriali — The barton is indispensable in the brickfield, both in the 
form of the ordinary wheelbarrow, wbich it il nnnecesairy to dcscribehere,«nd in the formapeoialty 
adapted for the conveyance of tbe moulded brick to Uie air-drying galleries, and thenoe to the 
kiln. A barrow ot this Intter form oonaiata, oa does an ordinary barrow, of a body witli tvra 
handles, generally the extension of two branches or horizontal supports, the anterior extremities oT 
whioh carry between them a wheel. The ordinary barrow generally used for the oonveyanee of 
the clay in the brickfield weighs 40 to SO Iba., and will contain one-thirtieth to one-twentieth of a 
cubic nette of earth. The English form of wheelbarrow ia preferred in general uae. even on the 
Continent, as being more easily discharged of its load. Whatever the kind of barrow, the load is 
carried partly by tbe wheel and partly bv the arms of the wheeler. On horizontid ground, with a 
barrow of ordinary proportions, the workman snpporta one-flfth to one-third of tbe total lend, and 
the wheel aupporta the remainder. The eflbrt necessary to push the barrow is equal to the weight 
resting on the wheel, multiplied by the ooefflcientot friction of the wheel on the earth, and faicreased 
by the friction of the ailo. The ooeffloiont of work ia greater, on the anme soil, than with rturioge 
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wheels, vbich ate of mach greater diameter, When tlie plane or path is sloped, the Ikbauicibrini:* 
hia liand^ nearel to the boily of the barrow, ami aupporta a greiiter fraction of me wei|;ht, diminishing 
byaa much the load a poD the wheel. The rt-duc-tion in thseffertof puaiiingthuaobtaiDed portly oont' 
pensalea for tlie incnw^d work duo Co graiitation down the inclined plane, i'roctico, in aocardance 
with the indiontious of Teaeoaing, modifit'S tlio form of the folly of the wheel with the nature of the 
surface □□ wbicli it into roll. If the soil in soft, Ihe folly id made brood; if to be wheeled over a board, 
the folly, or even Che wliole wheel, may be of cjBt iron. It maybe aatimated thatacomumn barrow 
will convey 60,000 to 70,000 loads, and truvardo L.M)0 to 2U00 miled, before boooming nn&t fw 

Bri-;k-kiliia. — Morand'a kiln, for bumiog all kinda < 
tonnel-ehaped building (if brick,divided iiito chamberi . ... 

naually about 10,000 brioke. Along the whole length of the kiln aud above the arch are plaoed 
ileum flues, commuoicntiug with each ohamber by meiuis of aide dampers, and witli the ohimney at 
the end of the kiln. Underneath the kiln, and [onniag the base of the side walla, are the ht«tiDK 
BaeB, also communicating with each ohamber sopurately ami with the ahimney. Both steam and 
beat flues arc provided with damj«ra in conveoient positions. The steam or upper fluea are used 
for CBrryint; off ttie alcanu during the process of drying the bricks witii tlio surplus oF heat from the 
burning chamber, or the heat produced by the flres when the kiln is first etartod. The heat <»' 
lower flues are to ullow of tlio oonvejance of the boat from any one chamber to aoy other chamber, 
at the ni)l of the burner, for drying or steaming dry green bricks either baekwnnis or forwards, the 
necessary drau};ht fur drawing ba<^ the heat being given by the steam fluea above, which are in 
direct cnmmuiiKalion with tbo cliiiUDtiy. Each ohamber is provided with two sidu Area, one at 
eitliei side, aud hotea oropi^ninga for Ibe ingress and egress of tlie bricks. The partition walla are 
provided with wickets Cor the paasagi' of the htat directly from chamber to chamber. These wickeCa 
are tonipomrily blicktd up with bt.cks. which are reidily removed from the sicio fircholes. Tlio 
largoopening in the centre of the partilion wall is to allow of the slacker placing the bricks regu- 
larly from one end to the other, and is bricked up when the chamber is full. The top of the kiln is 
llat, and provided witli small round stokeholts, tbroujih which the dust coiil is fed in small quanti- 
ties into the cliiimhers below. The snrphut bent frum the flrst chamber, when nil the slesm is driven 
ofl, is passeil rorvrunl into tlie scamd, to steam the brii-ks in advance before escsping into the steam 
flue. When Ibe last chamber ia reached the heat is brouglit back, through the lower or heat fluea, 
iulo the first oliambor to partially drj tlie bricks therein, before pnssing into the steam fine, and 
thence to the chimney. The end fires aro again lighted, and tbe opcMtion continued aa befor& 
By tills arrangement the ndvaotoges obtaiuod aie, tliat the bricks in escb chamber are thoroughly 
steamed aeparatcly, the steam escaping by means of the top or steam fluea before the beet ia 
alkiwed to pass into tbe following chamber, which is a moat impwtaat feature in bnraing Breclay. 




In this way n good colour Is olitiiiiipil, and (lie risk of oruihing down the bricln in advance is 
•'tiliri'ly avoiiled. AW tlieri' ia fucilitj utTKnlid by the mmbinatioti of the sleam and beat Uumi. fiir 
liiiiiyiiiK l^'k the beat fomi any iiivrn cliamU'r to any other ohamlier, in which it may be oscd fiw 
dryiiiK the liricks iii the kiln itself, rcaulling in acmaiiluinhlo miug in fuel, tbe gusra gfinx|>ii« to 
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the cliimney being nearly eold. In Pigs. 490 to 493, Fig. 490 is a bngitudinal section. Fig. 491 a 
fdan. Figs. 492, 493, back and front elevations of this kiln. A A are the drying and burning 
chamber^ G tireplaoee, D stoking-holes, G smoke or steam fines connecting the other flues and the 
chambers with the chimney. 1 1 are the temporary openings for carts for removing the bricks, and 
J J temporary openings for setting the bricks, a a are division walls separating the burning and 
drying chambers; 6 t^porary openings in these walls ; ddene horizontal dampers connecting the 
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chambers with the steam flues ; ee toe short passages connecting the flues with the chambers, 
/ dampers controlling communication through these short passages, gg are passages from the 
chambers to the steam flues, closed when required by the horizontal dampers ^, and the vertical 
dampers h ; there are also holes to allow steam to escape when the kiln is first used ; y the damper 
connecting the horizontal flues with the chimney. 

BRIDGE. 
' The materials of which bridges are usually constructed have been already enumerated in the 
article on Bridge in this Dictionary, with the exception of steel. Hitlierto. this has not attained 
that degree of prominence in bridge building which has been accorded to it in the construction of 
boilers, the manufacture of rails, and the building of ships. Recently, however, a few notid)le 
examples of the erection of steel bridges, on a very large scale, have presented themselves. To 
these, as well as to the numerous points having a practical bearing upon the subject, we shall more 
particularly direct attention in the present article, and the information which it contains is tliat 
which is derived from the study of the description and analysis of existing bridges, and not of 
those which have never passed the limits of the drawing office. 

There are certain data indispensable for proceeding with the general design, or determining 
the main features of any bridge-; these, as will be seen, afiect in a greater degree the foundations 
and substructure than they do the superstructure, although the latter is not by any means inde- 
pendent of them. In many instances, it is entirely at the option of the engineer whether ho 
employ a cast or wrought-iron girder, and the particular form or type of the girder depends, 
frequently, altogether upon his own judgment. 

The plan of the site of a bridge, including the number and position of the abutments and 
intermediate piers, supposing the bridge to have more than one span, depends upon several 
conditions, which have to be carefully attended to. The desiderata are minimum cost and 
interference with existing roads, rivers, canals, or railways, as the case may be. In the instance of 
a railway viaduct traversing a valley, the engineer, by a series of trial calculations, determines at 
what particular span, generally between the limits of 30 feet and 100 feet, the combined cost of 
piers and superstructure is a minimum. In the case of a river, the spans are determined similarly 
m some instances, and very differently in others. Thus it may be essential to avoid any inter- 
ference with the navigation interests, even when this course occasions a greatly enhanced cost, as 
such a reason, amon^t many, frequently entirely outweighs mere economical considerations. 
Sometimes natural advuntage:i present themselves in the line of the proposed structure, upon which 
to erect intcnne*liate supports or piers, and occasionallv, but rarelv, there are exintine piers upon 
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which to carry a bridge, or a portion of it, as in the railway bridge over the Thames at Charing 
Cross, where two brick piers, which originally supported the towers and chains of the old Hunger- 
ford susjpension foot-bridge, were utilized, as ulr^y described in the article Bridge. 

Si'ctjons. — A longitudinal section of the site, sufficiently extensive to include the approaches to 
the bridge, is equally necejgair as the plan. The character of the section, together witli the 
borings, will give the depth of the foundations and the height of the superstructure. This is 
evident from an inspection of Fig. 494, which represents a longitudinal section of tlie site an<l 
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approaches of the Kansas city bridge. The line BCD is the gradient of level of the raflway, 
E F shows high-water mark, and the position of the piers is shown by the tliick vertical lines. 
One or more cross-sections should also be made at right angles to the centre line of the bridge, where 
the abutments and wing walls are situated, in order to determine the length of the latter, as will 
be seen further on. 

Foundations, — The subject of Foundations has been already treated of. Bee articles Constnioiioii, 
Bridge, Railway Engineering, Docks, Water Works. But there are a few practical points in 
connection with it, which we shall notice, as well as give a description of the principal methods of 
sinking cylinders under water. 

We are indebted, with the exception of a few additions, to Jules Gaudard*s reroarkHble paper oo 
Foundations, presented to the Institute of Civil Engineers, in 1876, for Uie following particulars. 

To ascertain the nature of the soil on which the foundations are to be laid, borings are generally 
taken, but they sometimes prove deceptive, owing to their coming on chance boulders, or upon 
adhesive clays which without being firm, stick to the auger, and twist it or arrest its progress, 
and the specimens brought up, being crushed and press< d together, look firmer than they really 
are. To remedv these defects some engineers have adopted a hollow bcning tool, down which 
water is pumped and reascends, by an annular cavity between the exterior surface of the tool and 
the soil, with such velocity that not only the detritus scraped off by the auger, but pebbles also are 
lifted by it to the surface. This process is rapid, and the specimens, whidi are obtained without 
torsion, preserve th< ir natural consistency. 

On stiff clav, marl, sand, or g^vel, the safe load is generally from 55 to 110 owt. on the sqiiare 
foot, but a loaJ of 165 to 183 cwt has been put upon close sand in the foundations of the Gorai 
Bridge, and on gravel in the Loch Ken Yiaauct and at Bordeaux. In the bridge at Nantes there 
is a load of 152 cwt. to the square foot on sand, but some settlement has taken place. Under the 
cylindrical piers cf the Szegedin Bridge in Hungary, the soil, consisting of clay intermixed with 
fine sand, bears a load of 133 cwt. on the square foot, but it was deemed expedient to increase its 
supporting power by driving some piles in the interior of the cylinders, and also to protect the 
cylinders by sheeting (mtside. Cylinders, moreover, sunk to a considerable depth in the ground, 
possess a lateral adherence, as is evident from the weights required fur sinking them, which adds 
greatly to the stability of the foundations. Taking into account this auxiliary support, the loads 
of 159 and 117 cwt. on the square foot, at the bottom of the cylinders of the Charing Cross and 
Caimon Street Bridges respectively, are not excessive. On a rocky ground the Boquefavour Aque- 
duct exerts a pressure of 267 cwt. to the square foot. 

Bridge foundations may be classed as ordinary foundations, on land or protected from any cod* 
siderable rush of water ; and hydraulic foundations in rivers or in the ^ea. When the grrmnd 
consists of rock, hard marl, stiff clay, or fine sand, the fimndations can be laid at once on the natural 
surfHce, or with slight excavations, and with horizontal steps where the ground slopes. At the 
edge of steep descents, with dipping strata, it is necessary to find layers that will not blip, or if 
there is such a tendency, to strengthen the layers of rock by a wall, especially when it is liable to 
undergo decomposition by exposure to the air, or to use iron bolts uniting the layers of rock. On 
ground having only a superficial hard stratum resting upon a soft subsoil, buildings have sometimes 
been erected by merelv increasing the bearing surface, and lightening the superstracture as much as 
possible ; but generally it is advisable to place the foundations mIow all the soft soil. On an 
uneven surface of rock a byer of concrete spread all over affords a level foundation. Sometimes 
large buildings have been securely built on quicksand, of too great thiclmess to be excavated, by tl e 
aid of excellent hydraulic mortar, and by excavating separately the bed of each bottom ^tone. Such 
a building will be stable if its pret^suro on the foundations is uniform throughout, aud if it is placed 
sufficiently deep to counterbalance the tendency of the tand to flow baek into the foundations. 

One means of reaching a solid foundation, without removing the upper layer of soft toil, is by 
piling, but piles an; liable to d( cay in many soils. Sometimes columns of masonry supp^trt the 
superstructure, but being placed farther apart than pilcj*, it is necessary to connect tnem with 
arches at the burface. P.ers, however, of via<lucts supporting a heavy load must be carried down 
in one mass to the solid ground, ns in the ciso of the viaduct of Otzaurt', un the Rio 8a)era, in 
Spain, where it was necessary to get through 65 fl. of silty chiy to lay the foundations of a pier 
31 ft. long by 13 ft. wide. In ordt r to avoid getting out m> large an excavation in one piece, a weU, 
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Fig. 495, WH dug i ft. tcjJe, Rnd eitcndiag nctom the whole wiJth, 13 ft., of the p[er, «o as to 

diride it iuto two equftl pnrtioDa. A ehnmber 9 (I, 10 iu. bigh, wna thun driven at tlie bottoa, libo 

■ heading, as fur u the limiUof one hajfof tlie foaoiliiti'iiiH i>rtliepier, and bn lit up Kith nuuonl^. 

Tlie other hulf was similurly dealt will), and tlio cir&vatiuii anrl masonry waa carried up la 

BDoreniTO lifti of a ft. 10 in. The oentnl well gcr-nul as mL«na of 

aercsM for pumping wat< r oul, fi.r the removal of earthwork, and the Mt. 

■apply of materials. 

To avoid the difficulty and eipenseoftimWrinK deep rimudBtioDS, 
a lining of masonry i» sometimea sank, bj gisilually eiraTatin;; tbo 
ground aodenieHth, and weighting the miunnry cylinder, whicli U 
eTenlnully filled in with rubble stone, ooncrele, ur musoniy, and serves 

In lo-lia a similar syatem has been followed for oentarics lor sink- 
ing wells, whtcli we describe at length at page 200. 

WliOn the strBtum of bolt soil ia too thick for Ihe fnandatioiu U> be 
plaoed below it, the aoil mnut be consolidated ; or the urea of the 
fbandations most be sufficiently extended to enable tlie ground to 
aopport the lotul. The ground may be conaolidalod bj wooden 
pil« : but in soils where tlicy are liable to deray, pillars of snnd, or 
mortar, or concrete, rammed into holes previously bored, may be used. 
Artificial foundations are also formed by placing on the snft ground, 
rilher a timber framework, surtounded ocoasiaDaliy by sheeting, a 
maas of stone rubble, a layer of concrete, or a tliick layer of fine 
sand, spread in layers 8 to 10 in. thick, whicli, owing to its semi- 
fluidity, equal ilea the pressure. 

Wlien the foundation is not homogeni-oua it is necessary to pro- 
vide BgainBt unequal settlement, either by iiierciising the bearing 
snrfsce wliere the gionnd ia soft, or by carryiug an arch over the 
worst portionB. 

Bndxe funndations in water are luid upon the natural Burface 
wlieie it is rocky, also on buds of gravel, Mud, or stiff clay, eocured 

against soour by aprons, sheeting, rubble stones, or other meuna of protection. When the fouada- 
tioDB are tu be pumped ilry,daou are resorted to if the depth uF n-attr does not exceed 10 ft., mid 
eepeciully where the water ls less deep and rapid, and the bank forms one aide of the >1am. The dam 
can be made of elay, or even earth free from stones and ruota, with slopes of 1 to I, the ni'ltli of 
the top being about equal to the depth of water, when the depth iloea not exceed 3 ft. in a aurrei>t or 
10 ft. in still water. The leakage of a dnm and the daager of breaches increusea rapidly in propor- 
tion to the head uf water. 

Concrete makes a solid dam, but it is expensive to ounstract and difflcult to remove. 

A ro&erdam with a double row of piles t«kes up lees nnce, and is less liable to be worn away 
ot brea(4iod tlian an earthwork dam. The width of a oofferdam Is often as great as the head of 
water; bat if etrntted inside, so that the clay acts as a wate)^tigbt lining, the width need not 6X00'^! 
from 4 to 6 ft. In a cofferdam of concrete at MarseilleB, the widths were calculated at 0'45 of the 
total height: the maximum width htd thug attainei 20 ft. 

In building the viaduct at Iiorient, on a foundaliun dry at low water, a single row of strutted 
piles, ] ft. apart, planked from top to bottom on both sides, was used, and the space between the 
planking, 10 in. wijle, was filled with silt, pressed down. When the flllmg is so much reduced In 
thickness the plunks are cerefiilly joined, and the clay mixed with moas or tow, or sometimes with 
fine gravel or pounded chalk. As water leaks through iointsaod connections, the ties are iiliieed as 
hiKh up as podsible, and the bottom is scooped out or cleaned before the clay is put in. when the 
■idea i»r Ihe pert to bo enclosed are suffl- 

cieutlj close, they mny be effectually sup- Mt. 

ported by a seriea of ntayB, as was done in 
nuking the dam for the construction of the 
apron of the Uelun dam. Fig. 496. where 
struts were pat in at intervals of 16} ft. 

If largo springs burst out in an excava- 
tion, they mnst either be stopped up witb 
clay or oemeiit, or be confined within a 
wooden, briok, or iron pipe, in which the 

ever, there is al^orll leoka^e over the whole bottom, it must bo stopped by a layer of ooncr,te, 
inoorporated with the.fonndation courses. ,:„i,i„t the bottom after being lowered 

ifollow timber frames without a bottom, and made water-tiglitat "«'^™"'/T' thcro i« onlv 
by concrete or clay, are suitable in water from 6 to 20 ft. deep on rocky be|^, "T"''^;^ '"^,"^'".^7 
aVght Tye of s^lt. This method was resorted to by t^"^"'7^"^^'«•?" t ^^,^'^ J^fit 
at the at Michael, Solferino. Change, and l^uis Phdlppe bridRee at P»rts- /"V" t o bleo with a 
the 8L Mi^hopl's ilridge was 15 tt. 9 in. high, 125 ft. long and 19 fl. 8 "^"^^ J^'^'^ ^^ ^^ 

lightly. 
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At the Point dn Jour the causons were 1^1 ft. long and from 26 to S3 (1. wide, and from 21 to 

26 ft. high. The tanp; Bidea wero pnt together flat oo the gtound, and were lifted np to allow of 
tho iliort Bidea being fixed to them. A few hoars BnSoed for depoaitiug the caiaann ia its place. 
Ficard, ia teconBtrocting the Bezons Bridge after the FrBUco-Ciermail war of 1)470, uaed eaigBoiu in 
two portions, as tlio loner poitloo liad to icraiiin. nliilst Itie upper portion wu only needed for » 
time. Some nails and atrajie foatcoud the two piiitiooa together. A lajeT of claj wns placed ander 
the rubble toe oot^ide, to prevent leakage bettreeo the concrete and the plunks Tliia expedient 
was first adopted bv Desnoyere, in order to pump dry foundation oarried down into clay, so as 
to build masonry walls on tiie bottom withont naing concrete. At the Aulno viadncl, in Itrjtiany, 
Deanoyera and Amoni made a caisson. Fig. 497, 75 ft. U in. x 34 ft. 9 in., and nearly 23 ft. 
high, und, with tlie exception of the bottom portion, caalked beforehaBd. When it vss depouted 
the botljim plunks were slid down betweou 

the lower set of waitings, and a tin of puddled *^- 

clay, A, protected from the rush of the cur- ■ 

rent by canvas, woe put round the bottom 
outside. When tho csiwion, put together on a 
stage supported on eight lioata C, was ready for 
depositing, it was lowered till the projecting 
pteoes B touched the ground, and by cutting 
the beams fastening these projections to the 
bouts, the boaU were set free. As the tide 
rose the caisson floated, and the boats were 
attached to its upper purt, which b; lightening 
lifted it sufficiently for the pro^ting pieces 
to be taken oS. The depositing was com- 
pleted by allowing the caisson, weighted with 
raits, to sink on tbe dredged bottom, as the 

tide fell. Thus, by the help of water alone, a mass weighing 74 Ions was safely and atnuratdj 
deposited. Large caissons have also been employed, nitli an interior dam of ooncrete forming a 
permanent part of the found Eition, instead of an external toe oF cia^ : and caissons have also been 
mode water-tight by a dam of clay inside, which uocoasitates a somewhat larger caisson, but admits 
of tbe retnoval of the timber. 

When a limit to the space occupied is immaterial, a sort of double-cssed cribwork dam li 
frequently adopted. Although iron caissons are getieislly used for penetrating some distance inta 
the soil, there are Instances of iron ciiinsoiia being merely deposited upju the natural bed. 

Tho methods employed for luying foundations in t)io water, either on tlie ualural surface or after 
a slight amount of dredging, have next to be eousidcrod. 

A rubble mound foumlntion is nometimes cmployiid. Such a method, however, is little auitubla 
for bridgc-wurk, wliere a slight setlloroent would be injnriiras. 

Another method couslata in sinking a framinz. not made water-tight inside which ooncrete is 
run, and tlie framing remains as a protection fur the concrete, and is surrounded by a toe of ruhble. 
If tho framing isof somedeptli.imii tie-rods are put in by divers after the bottom has becndredgrd, 
to enable the framing to support the pressure of the coucrcte. When piles can bo driven tbe framing 
is fixed to them. The pileis 5 to 8 ft. npart, have a double p:i<#or walings flxed to tliem, lietween 
wliicli close planking is driven, from 10 to 14 iu. wide and from 3 to 5 in. thick; and sonietjmta, 
when the soour of a sanily subsoil has to be prevented, the planks ore grooved and tongued, or bavs 
covering pieces put on by divers, or are driven in close panels. 

In permouble soils, foundationa of concrete enclotied in frames are froqnentlj employed, btrt ia 
silty and water-tight soils, fouadations in eicavationa pumped dry are preferable. 

Tho bed uf tlie Rhone atTamacnn, eoosisling of sand and gravel, in which piles are diffloall to 
drive is subject to VSmii in floocU to a depth of 4(j ft. Foundationn, however, were laid there at cond- 
dcrablo expense, by frames with dr.ublo liiiinija, 10 ft. apajl, in which large blocks were plsoed with 
unhewn stnnua on them ; Uie ground was thou dredged inside the frames to 28 ft. below low-water 
level, and '2G0 cubic yds. of couerete deposited in twenty-fiiur hours. 

Lnstly, concretocan be depositeil i'Hiil:t for bridge foundations: and though concrete blocks bid 
only used in sen-works, bags of concrete are sometimes employed, instead of rubble stonea, for 
forming the base of piers or for preventing acour. 

Piles are used where a censidemblo thickness of soft ground overlies a flnn stratum, what tho 
upper layer has suftlcient roiiaietency to ufibnl a lateral 
ippurt to the piles, otiierwiae maaunry piers must be ***• 



sdiiptcd. 

snally placed 2} to 5 ft. apart, ( 

A timber grating can bo fastened to lli 



"Irho' piles 






of the piles, or a layer of ooncrete is deposited, or bnth 

grating and concrete, ns the grating distributes the load 

and slniii;theus the piles. Planking is somotimce put 

on tlio fniiiiing which duftributes the pre8,ture\ as at 

Lonilon Bridge, but it is considered objectionable, as it 

prevents any eonuocllon betwoi^n the superstructure and 

the ooncrete, and ineraincB tbe obanco of sliding. Tho 

»lBice between the uilen, from tho river bed to low water, i 

is anmctimcs flUcif with rubble stones end sometinicfl 

vriUi coucrite, as in Fig. 408, which ia less liable to disturbance. When the gKWod is very .oft 

a fllliug of clay has been pnferred on account of its bein« lighter th.iu coni.T.>te. 

A niixed system of piling ,md wnter-liijiit caiaaoua, of rubble filling and owucrete, was adopted 



BBIDGE. 199 

•t Ibe Tanuxi Bridge. Allet the pilee had beeo dnten, the Bpaoea between them were filled ap to 
h<ir the depth of water with rubble atouM ; a caisson 10 ft. nigh wua then placed on the lop, and 
* bottom layer of ounotete deposited in it. In a mouth's time, the interior of tlie oai^aon was 
pampad dry, tlie beads of the piles cut off. and the HUing with cemriit raucrelo coiupktiMl to low- 
water level. The caisson was cut off to Uie luvel of the gratini; aa soon as the pioi was abom 

The load that a pile ilriren home and seourod from lateral Bciion can bear, may be estimated at 

fauD -iV to i of the crushing load, which varies betweon 3700 aod 8500 lb. on the sq. in. 

Thos taking a fair lo.id of 710 lb. on the sq. in., a smalt pila 7 in, in diiimuter will bear about 

12 Ions, a pile 18 io. diameter about 80 tons, and a pile to bear tba luad of 2Q tons used as a Quit 

by Perrouet should be about 10 in. in diameter. 

In order to preveot the danger of overturning in silty ground, the groond is sometimes flrst 

Dumpreaied by leading it with an embaukmeut, which is cut sway after a few months at those 

places where foundations are to be built. At the Oust Bridge it was even noressary to oonnect the 

pien and abutmaots by a wooden apron, which, for additiouiil security, wbs aurrouaded by 

cuDcrete. Fig. 499. The abutment C was made hollow to lighteo it, and the emb«jikmeDt B had 

compreased the iiltj grooad mn. At 

tli« bridge of Biiuchemaine, near *i*- 

ADgers, the beoding of piles, which 

traversed about 20 fl of silt, has been 

■topped by flurronnding ^om with 

gTent masses of rubble atones. j 

Oocaaionall; foundations on pilei , 

have failMl or suffered great sets or j 

lateral diiplacements. geo article on , 

Pile DriTei, at p. 2616 of this Die- 
Floating e^ssons reqnin a bottom ' 
carefully levelled on which to be 

bwered ; but naoally this kind of 
caisson is deposited on piles cut off 

(o one loveL Thedo caissons have odi bottoms and movable ^dcs of fir, and enable the masonry 
piers bailt inside to he lowered on piles previously driven. The oak bottom serves as a platform 
for the pier, and the movable sides can bo used again for other ceiasoos. Al Ivry, with ouly two 
sets of movable eidcs the four cnissons were put in place in nne miotb. Tbe bottom, wliich con- 
sists of a siugla or double plutform, bos timbors projecting nailemealh, wliich fit on to the row 
of piles. The movable sides are sometimes made in panelK, wliich fit into grooves both in tbe 
bottom framing and in upright poeta, placed about 10 ft. apart, which arc tonoocd at the bottom 
and kept in place at the top, by transoms going across the cainson. Tbe different parts of the sides 
are preowd tog^etber by the bolt A B, Figs, sbo, 501. In other instances (he sides butt against the 
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vertical sides of the bottom, against which thoy are pressed by keyed bolts D, Figs, 502, 603, 
placed at intervals of S fL The caisson is kept ucar the shore whilst tbe first courses of masonry 
are being boUt in it ; it is then on a favourablo opportunily floated over tlio eite of tlio pier prepared 
to receive it. and is gradually auuk by letting in wnter. 

Screw piles have been principally used in England and in Iho United States ; tbcy will 
penetrate meet soils except hard rock, and can get a short way into compact marl, through loose 
pebble and stODea. 

Piles with discs differ little from screw piles eicepl in tlie method of sinking Ihcm. This 
operation is performed by sendinga jet of water down a wrought-iron tube insidu the cant-inn pile, 
which washcB away the silty sand from aadpmeolh tho disc and causes the pile to deaoend. 
Wooden piles, with a cast-iron shoe carrying a disc, miglit easily bo sunk in tho aame manner, the 
water-pipe being carried eccentrically througb tho disc. 

Hidlow wionght-iron piles have also been forced down by blows of a monkey, in silty and sandy 
ground interspersed witli boulders, to a dtpth of about 60 fl. ; tho thickness of the piles being about 
1 in., and the diameter 191 i"- , , > <_ 

Large masonry piers carried through thick layers of soft ground to a solid bed may bo con- 
structed by various methods, and constitute the best kind of foundation in such a siluatiutt. 
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The method of cased wells is suitable, where the fdlt is sofficienUj compact and water-tight to 
admit of pumping tlie well dry, and where the depth of water is small, and can be easily kept oat by 
a oofTerdam, or a caisson without a bottom. The well is sunk by the ordinary method of linking 
wells or driving headings in sUty ground. When the pier is so wide as to render strutting diffionli, 
an outer ring can be first lowered, which serves afterwards as a casing for excavating the inner 
portion. When permeable gravel or very liquid silt has to be traversed, it is necessary to reaort to 
tubular foundations. 

Cylindrical foundations are sunk with or without the aid of compressed air according to dream- 
stances. These foundations possess two great advantages of being capable of being sank to a 
considerable depth, and of presenting the least obstruction to the current. 

In a clay soil the cylinoer acts as a movable cofferdam, which is sunk by being weighted, and 
enables the foundations inside to be buUt up easily and cheaply. Iron cylinders are preferred in 
certain cases to cylinders of brick, masonry, or concrete, on account of the ease with which tbev are 
lowered in deep water on to the river bed ; in spite of the disadvantages attaching to them of nigh 
price, of the considerable weights required for sinking them, and lastly of being only cases for the 
actual piers. 

In India, where this method is largely employed, the linings are made in radiating courses of 
bricks or stones ; the first length, from 5 to 10 ft. high, being put on a circular wooden framework 
placed on the sur&ce of the ground. Very fine sand is used for filling the joints, except for the 
two or three top courses, which are laid m mortar, and the whole oonstrucfion is tightly boond 
together. It is then gradually sunk by a man inside undermining it, and another length is placed 
on the top. As these operations are generally conducted in the silty or sandy beds of rivers 
which become dry in summer, there is no running water to contend with, but water percolates 
into the excavatiun, and then the natives use a jham, a peculiar native tool, by which they remove 
the earth from under water. Although tl^ external diameter of the wells has been sometiniec 
limited to 5 ft., the advantcH^ of larger dimensions in securing a vertical descent has been always 
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recognized. At the Western Jumna Canal rectangular linings were adopted with advantage. At 
the Solani Aqueduct, hollow cubes with sides 20 ft long, and at Dunown oblong or sauare linings, 
30 ft. long and 20 ft, deep, and subdivided into three or four compartments, were used. 

Imrie Bell added a pole to the jham used by natives to save the trouble of diving, bat even 
with this addition the process was slow. The foundations of the Poiney Viaduct, on the Madras 
railway, were put in by this methc^. In more recent works the curb is made of iron, or of iron and 
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timber, kndui^nlikr. The escsvation is now niaall; made by eicavalonor dredges, and theajlindQc 
finaUy filled with winnete. 

The (jnrb* for the Aleiandra Bridge, od the PnniBob Norlhem Railwaj, were of hard tirabor, 
bnilt up of wedgi^l.aped segmenti mIuw and tdditiuiuil flat rovering pieces abi.vc, ell bn ftkine 
joint, BDd [bniiiiig a ring of 2 ft. broad and 2 ft. deep. The component parts wi-ro weutely fastened 
together with ] in. bolls, and the bottom of tlie wedge was armed with a, cutter plate of }-inch 
iron 12 in. deep, riveted to a. ring of 3-in. angle iron, wljich was ag.iin bolted to llie timber, the 
wedge pieces or segments re:^tmg thereon. The outside diaiuetur of tho curb was 12 ft. 6 id., onrre- 
ipondiog to the bize of the well. The stoiidng of the latler was 3 ft. 3 In. thick, reducing the 
jdlenial diameter to 6 ft. l therefore the briL'kwork was gradually corbcllul iuwards from the curb 
imtil the full thickneM was obtained. Eight tie-rods placed at eqool dintoncos around the curb 
were contluuous throughout the steining. 

Fig. 50* is a qoarti-r plan at top, and Fig. 507 a stction of a rombined iron and timber curb such 
as the above. Fia. 506 a quarter plan of the bottom. Fig. 505 a h;ilf plan of tlie upper side of Iho 
lower aegmeuts of timber. The scantlingB nut of which tlie segments are out aru shuwn by dotled 
lines, the position of the timber tie-bolts by the large dots, and of the ytrlicuJ tift-bolts by tirclos. 
The inner timbers luve butt joints, the outer Umbem overlap. 



The wells were bnilt in Sve lengths of 14 ft. each. At the topof each length, a ring of bar iron 
was laid in the brickwork, the tie-tode peeeing through it and being screwed down tight by & nnt 

6 in. in length. The next length of tie-rod was screwed into the upper half of this nnt or coupling, 
and so on. Thna each length (^ wall was a compact cylinder in itself, capable of being pulled from 
aide to side while sinking without injury (o the brickwork. The cnrbg nclKhed 3 tons each. 

The practice at the RaTt Bridge, was Co build a cylinder of brick 12 ft. 6 in. in diameter, and of 
the etune height, and sink it from 10 to 12 ft. Another length of 12 ft. C in,, total 25 ft,, was llien 
added, and sunk about 20 ft. ; next a length of 25 ft of cyliuder, bital 50 ft,, was buill and sunk. 



S8 passible without weighting, nsually 35 to 40 ft Finally a length of 20 ft. was built, c 

, g the TO ft. of cylinder which was annk without furthi-r weighting, sometimes (o 60 ft,, w 

a lend erf' 150 tons of rails commonly anfflced to complete the siolnng to TO ft. The greatest load 



required for any well was 250 tons. At the oommencement of the works the curbs werepitcbed 
6 in. apart, and mnob difficulty «sa experienced from the cylinders drawing together. T^is was 
effectuallT remedied by pitching the reraaiuder 2 ft. apart. When cylinders have to be sunk to great 
depths, they should probably not be nearer together Ibuu )i of their diameter, 2 ft, being the tuini- 
mnm distance. The average progress with the large cylinders at Bavi, was 2 ft. a day of sinking, 
or 8 in. a day of actual work, including building and loading. 

Fig. 508 is a quarter botlom, Fig. 509 a quarter top plan. Fig, 510 a verltcal section, Fig. 511 
enlarged sections on the line CG of the gnsaet, tie-bars, and their connections, of the wrooght- 
iron curbs as used at the Chnmbnl Bridge, Bindia State Railway ; Fig, 512 being the development 
of the conical plate. 

Figs. 513 to 516 are quarter plans on the radial course A, bottom B, third oourse C, and 
top D respectively. Fig. SIT half aectiOD, and Fig, 518 hnlf elevation, o( the combined iron 
and timber curbs for 18 ft 9 in. wells, employed for the foundations at the Sutlej Bridge, on tho 
Indus Valley Bail way. 

At the Olatgow Briilge the lining was of cast-iron rings, being easier to lower in mid-stream ; 
but for the quays and docks on tbe Clyde, linings of concrete and brickwork were adopted for the 
lake of economy. Milroy oousidura Ihat with concrete, which can be moulded to au edge at the 
bottom, all metal additions may bo omitted where only silt and sand liave (o be traversed, and that 
the bottom rir^ should be of iron for pcnelratiug harder soils. In tho Clyde extension works, the 
wells werefilltrd np with ooncrete, and a double mw of Cylinders 9 ft. diameter adopted tn prefeicnce 
to a single row of 12 ft It would be porsible io this arrangement to lake out the sand between tho 
adjacent cylindprs, and form tlicm into a stitid moss by filling np these interstices with ooocrete. 

The foundations for the piers of tbe Kansas City Bridge, U.8., were sunk by Clianule and 
Morrison, who used open caissons carried down to the bed rock, or to a hard gravel inio which 



piloa were driTCD, and filled with b^oo for most of the pien. The work waa ono of difficnlty. u the 
Itiver Muaoari at the point crossed has great depth and a nfiid current. Pier No. 4 was there- 
fore founded b7 the arrangement Figt. S19, 520, wliioh U an adaptAtion of the Indian well 




motlinH. The left riilo of Fig. SIO te 
fig. 021) biiiiK a orrnu section of the ■ 
11 ft in liuigUt : Iho Mtt were of square timbur, the n 



■Biawea of pJDo placed on edge, the two nppei timben of oak, and a triangnlM piaM of oak was 
ilaced beluir tho nuiin rilL The couraes were pinned log«thai aiid bolted to uprights, the oataiJe 
MiDg coTered with two oouTKa of 3 in. oak pianks planed. Within thia nuter wuli was placed an 
ntier one framed of oak timbert, inclined jnwanU. and atayed by iron bolts biudiog them to Ibe 
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>r of til. 

>nd croBS walla being prol«oted by a cavering of A io. bolter 
plare. The whole WBBonullied, and the interior coated with Tuoflng 
ijiteh. The caiwon was provided with a fiiliie bottom, placed 
below the cnttidg edge ; this woe remored at >non as the OBiMon 
waa floated iulo positi'in. Four large endlegg chain dredgei 
aerred for ezcaTating. Aflei the caiason waa brought into poai- 
tion, the openings into the lower ohamben were aurJnonnted by 
timber boiea. Ibis being continned from time to time oa the work 

Kugreaaed. When the Lollow walla of the caieaon had been 
lej witli betoD, a aeoonil aeotion was bnilt abore it. tliis being 
an open frame strurtnre covered with planks and also filled with 
b^lon, the entire stractnre thus becoming pnrely the oorering of 
an aitiflcral monolith, carrying the mnaunry of the pier above. 
The plan adopted at the Kansas Bridge admits of wide applica- 
tion, and by Blight modification can be oombincd with the pnen- 
mitio method, in suoh a way aa to allow of eitraordioary ob- 
stacles being removed by men, ohilat the entire tand excavation 
is made by machinery. Where facilities exist, caissons should 
preferably be made of iron. 

The extension of the system of sinkiDg cylinder* by dredging 
mnat depend chiefly on improvements in the dredging msohinery, 
of which tbe soeoeaaive steps in advance already attained may 
be noticed. 

The jhain in India was saperseded by Kennard'a sand-pamp. 
Fig. 521. A is a wrought-iron cylinder, having a pamp E riveted 
t» it at the lop by an angle iron. In this cytindei is a piston 
P fittine loosely, hating a play of abont t in. all round. It Is 

made of lead, and Is pieroed with small holes, to allow of tbe escape of the water aa it deaeenda, 
and on the top it lus a Sap of leather or indianibber. It is protected by plates of iron j|-in. thick, 
at top and bottom, and on the sides by an iron ring ^ in, thick. The piston rod passes through a 
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guide G, und (ermiQatea iu ui e^e H at the upper end, to wbjob • abain is attsobsd lo voib it. 
The bottum B of tlie cylinder iii movable, and an upright suction pipe C i* riveted to it at the centre. 
Tliia pipe prufertd outwurda for a distance equal to its own diuioetcr, and invardi; nou-ly to t)ie 
top of the cylinder. The movable bottom U supported by cramps b, turning in the (onr monble 
BtiffeDing pieces D, rivrted to tlje sides of the cylinder, the orampt being tightened by cottars I/. 
At the top are eyes for lifting and luweritiK the pump by slings 8. The hulee <i, fitted with tba 
hinged flaps, are to allow Ibu escape of wab r as the eand Gu» the cylinder, und a large hole 
out out of the centre alloiTB tlie pump to work. With this mactiine a well, 12{ (I. in diBmel«r, waa 
sunk in the Jumna S or 10 in. an hour by fonrteen workmen. As tlie KtnnEuxl pump wns nut 
able to work in tlie compact olays and conglomerate met with in rebuilding the bridges over the 
Beas aud the Satledj, Bull's dredger wad adopted, which consista of a semi-cylindrical case with 
jaWH opening in two quadrants, like tlio American dredger of Morrie oud Cummioga; it has 
been obsarvei^ however, that when it mot a hard stratum, a deaot-ot of oidy 2 ft. 10 in. waa accom- 
plislied in three months, whereas iu the upper layer the prognas was much more rapid than with 
the sand-pump. 

Next came Hilroy's excavator, Figs. 522. 523, which consists of a (niaD of iron, with an outmde 
rim 9 in. in height, to which radiate T ii^tis from a ring in the centre. To the bottom are hinpd 
eight heavy spadca, which, when drawn in, fit cloeely into each other, with tlieir poiota pressing 
agttinat the ring in the ceutte of the frame. The hinges are conatruclod so m to prevent tuning 



bock beyond the perpeodicular when the spades open, or wlien forced into tlie ground. Tlic 
movements are effected by two seta of chains attached to a hoisting ctiaJn A, tig. 522, this 
passing over a pulley aloft, on to tlie barrel of a doable -acting 12 H.r. engine. Tho first n't of 
chains, all of equal length, are fostened atone end to (be rim. At the other end they unik' into 
a single chain, which is conneclod to a clulch 0. These are for lonering. aud when tbe tool 
banpt tre them the spades fall open from their own weight. The second set of chains D are eiglit 
in number, of equal length, and fastened at one end to the inside of a spade, and at the other to 
the end of the main cbein. 

Before lowering the excavator, the chains B are hooked up, to tbe extent of tlieir length of ungle 



chain, on tbe monki-y-liooh C. As soon as the spndca are felt to be in tlio ground, Ihe clutch C is 
disengaged by nicnns of a rone, and tlic chains slnekcnod. When this takes place, and the engine 
begins to pull in the main chain, tbe cliains U, being now sbartcr than the otbcr sel, are brought 



is then nuslieirin underneath. Tlie cliaiDH B are hooked up, the moobine ia miiiod a Utile, win* 
the spades full open the material is i mplieil into the lorry. In order to force the spadea into the 
ground, two timber guides are towered down on op])osito sides Inside the cylinder, and are 
maiiitttinod at the pro|ierdtetni>ci> apart, by bring fiisteued ut their lowir ends to a strong iron hoop, 
and at the upper to tlie cylinder itself. As Ihe depth increases, additional timliers and lioopa are 
added. ThiMU guides have no connection wilh tbe cylinder except at tho top, and can be eadly 
n'UioTeiL Kneh guide is composetl of two timber* 6 in. by 4 in. faatened togetl.er. between wliieh 
Is llxeil at cither end a pulley. A BCiKintc clinin F fiistencd to the top uf an upright T ifon pasm 
down the cylinder, under tie lower and over the upper pulley of a guide, and is wound round 
tlio largo axle of a capstan on the landing-stage. When tliio chain is tightened, it tends to force 
the iiiaili's inli) the ground, and lo keep tho machine down while they are being drawn ir». 

At the Glasgow Bridge, one of the works where Milroy's excavalor hoa been employed, the 
lirogruu was, on tlie average, 11} ft. a day, and tho maximum 2tt ft. Another machine lo lifcot 
til.' «nio imriN t,- i, Ihe screw-pan. used at the Lwh Ken Viailuct, a conical perforated veeael, the 
diaiiiubT at llic top Uiug 3 n , and fumiohcd at tbe bottom wilh a screw which eulers the ground 
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when tnr.ieil. Tlu Baud atid mad enteriag the veasel are retained by little leather vaWea when 
lito inBtnuneat ia lifted. It works well in silt and ola;; in birder aoils a amaller vessel is 
needed. 

The boriiif; head nsei br Lealie, at the Oorai Bridge, caaaidtod of a revolving t>lnue with 
blades andornoatlj, able to dUiotegrate iiard cl&yd And compact mid : this U Wurkod inside the 
cylinder, nod at the sami; time the eicavatud material la drawn up aiid removed frnm the cylinder 
by a siphon. Tii nmmts'n an upward pressure in tlie aiphun, thu level of the wat.'r in the 
cylinder is always kept tiighi^i tliiLn in tlie river. The biiring liead mnde one ruvolulion in aboot 
oae miante and a half or 'i minati a, and excavated throngb clay and Handy silt at a rate of about 
1 foot an honr. Oae advantage poaseaaed by this system is that the rale of progress ia independent 
of tlie depth. The aide piers of the Gorai Bridge were sunk 124 ft. boluw the surtaee, and the river 
piiTB 98 ft. below low-water leveL The uiiiers used in sinking wella for water aupply, may aUo bo 
applied to cylinder foundations aoder suitable ooaditious. The system of linkine by dredging is 
g^'nerally to bj preferred to the compreaso.1 air system, eioept where unmeroiia oostaoles, such as 
bonldera or embedded tree's, are met with. 

At the Kistna Viaduct in India, the piers are very Irregular, varying in height from 34 ft. to 
76 ft. 6 in. ; each pier oonaists of two oolmans of vrojgbt-irun cylinders 10 ft. diameter at the base, 
tapering to 7 fL at the top. The vertical joints are formed internally of continuous T irooi, riveti-d 
through to outaide stripa. Ttie ends of each cylinder were planed to form horiiontnl butt iointa, 
with atrip* in»ide and out. The cylindera were sunk to the uiidirlyiag ruck, and thero held down 
by light bolts, each 2 ft. 1 in. long, by IJln diameter. Hjlea drilled io the rook allowud thi^se bolts 
to be let in bend dowDwnrds. the sorewed ends bein^ attached to the cylinders, and the spaces filKd 
in with Porthind cement. The cylinders are flilod iQ with ceiaent concrete, and Sniahed with atone 
caps, which fono the baus for the bod girders, placed directly on tLa concrete. 

Fig. 524 ia a Bootioii of the anangemenls made for erecting the cylinders, and filling in the 
noncrote at Kiatna. An aDnnloi platform surroanda the cylinder, suspended Emm radial arms 
which aio carried by sheer K'gs. There are eight arms, 

one for each cylinder segment, and these are temporarily BSi. 

attached to the work : as this progreases the sheer legs 
are elevated by the central k'g, carried upon the trestle 
resting on tlie concrete. Tha materials are raised to the 

staging kijr a lift and tackle, OS in Fig. 524, where two iron 

platM are sean being thus raised. To prevent oscillation 

the staging is mode fast to the cylinder after ench shift. 
The friction between cylinder* and the soil depends 

on thu natnro otlhe soil and the depth of sinking. For 

cast iron sliding throagh gravel, thu co-effloient of fric- 
tion ia stated by Qaadord to be between i and 3 tons on the 

■q. yd. for small depths, and reaches 4 or fl tons where 

the depth is between 20 and 30 tt. In certain adhesive 

soils it would be more. In sinking the brick and con- 
crete cylinders in the silt of the Clyde, it was found to 

amount to about 3} tons a eq. yd. 

In applying cylinder foundations, it is important to 

know the amoant of frictlonal resistance in various strain 

and at different depths, in order to determine the load 

UL'ceesiiry to overcome this rchiatance, or to detenntne the 

depth to which a pier must be saok to carry the load. 

According to A. Bchm oil's eiperienee, not only the nature 

of the toil but also the si. ape of the column lEifluences 

the frictional resistance, the latter being amaller for cast- 
iron cylinders and rectangular caiasons than for cairwons 

ot an oblong sL-ction. The details given in Table I. relatu 

to the appliration ot coat-iron cylinders, or of wrooght- 

iron riveted caiasons witli vertical sides and with casings 

reaching almve the water-level, for strata which form tlie 

bed of the Seine, Rhioe, and Danube. In determuiing the 

friotioi^ resintitnco, the following conditions must be 

observed ;— The tube or raiaeon muat ho vertical. It must 

be free on all sides, neither attached to Hie guide chams 

nor rating upon its lower edge, but only kept in equi- 
librium by iU weight, by the friction 00 its circumft-r- 

ence, and by the internal air pressure. .,..., 

To obtain thoae conditions, the total weight of tlie 

cylinder must hu liss than the frictional resistance plus 

tUe wtight uf the diaplaoed w..ter ; or else sinking takes 

nlaco without air being let off, und without tlio cutting _ 

wke being undermined. If these conditions be fulfilled, the air procure shown by a gauge is 

,*^.d, the safety valve opened, and after the sinking "^linn "f tlie caisson has begun the 

airwissnre is or.A obscrvXand the valve rapidly cloeed: The boginmng of the motion indicatea 

tliat the effective air pressure, together with t£e friction at the circumference of the caisson, havo 

become slightly smaller than the total weight ottiio cylinder. _ ,■ a r a 

As coe licilnU of friction r^dating to mntcrials and surfaces which occur in cylinder found.- 

tionV were unlinowr, A. Bchmoll determined tlio following by direct experiment with a 
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Table I. — FtaanonAL Bbsmtajtceb of Phkuxatic Fouhdatiows. 



DfScrfptloD of MaterUls. 


1 


Cut- flBcifents of Friction. 




1 Beginning of 
Jtfotioo. 


Daring 
Mution. 


Beginning of 
Motion. 


Daring 
MotU/n. 


For Dry Materials. 


Fur Wet Materiaii. 


8ho(5t iron without rivctaon gravel mixcxil 

with Blind / 

Hlicct iron with rivota on gravel and eand 
Onflt iron unplaned „ „ 
(i^ranite roughly worked „ „ 
Pino Bawn „ „ 
Bhoet iron without rivots un sand .. 

» with „ „ .... 
CnHt iron unphmod „ „ .... 
(J ranito roughly worked „ 
Pino Huwn „ 


0*4015 

0-3965 
0-3677 
0-4266 
0-4088 
0-5361 
0-7269 
0-6636 
0-6473 
0-6633 


0-4583 

0-4911 
0-4668 
0-5368 
0-5109 
0-6813 
0-8391 
0-6063 
0-7000 
0-7340 


0-3348 

0-4677 
3646 
0-4104 
0-4106 
0*3655 
0*5156 
0-4744 
0-4728 
0-5787 


0-4409 

0-5481 
0-4963 
0*4800 
0*4985 
0*3247 
0*4977 
0*8796 
0*5291 
0*4793 



Kaoh figure is tho avorago result of at least ten experiments. All materials drawn horizontally 
over tlio gravel or sand ; tho latter was bedded as solid as it is likely to be in its natural position. 
Tho riveted Hlioet iron contained twenty-five rivets on a surface of 4*22 sq. ft., the rivet heada 
were half round and of |§ in. diameter. 

Tho roMults of trials in sinking caissons as conducted by SchmoU show clearly that, in homo- 
gen(K)UB Htrata, the resistance on each unit of frictional surface decreases with the increasing: 
depth. From this it is to be concluded that tho density and cohesion of these strata augment with 
inoreaHing depth, and therefore the pressure upon the sides of the column becomes leas than in the 
UplMT Htrutii. 

PatsHing on to the consideration of the pneumatic systems, the process of Dr. Potts was one of 
tho first emi>l()ytHl for sinking tubular foundations by the help of air. The cylinder in process of 
being Bimk wtis connectod with a ve^^el. Fig. 525, in which a vacuum was produced, and a com- 
muui(^atiou bt^tween them being suddenly made, a shock was 
priHlueed by tho rush of air. The only advantage in the 
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MVMteni wjw utiing air for applying a downward pressure on 

the oyl" " 






I 



iinder, as dredging had still to be resorted to for re- ^""^V 

moving tho earth from tho in8ide, and mortover, there was a tl 

conHidcrablo iufiux of tho surrounding soil, and frequent 
dlvergeucH^B from tho {X'rpendieular. The diffleulties of the 
INUts priHvsa iuereaso with the size of tho cylinder ; and for 
Hinking tho cylinders, 10 ft. in clianKter. of the Shannon 
liriilge, it was abniulunetl after an unsuccessful attempt. 

The vueuuni Uin^» system wtw employed in the Tay Bridge | 

fonndatiouri hv IUh'vos and Iteattie. In this a series t»f pumi>8 
tlmw the Hand thn^igh the centn* of the cylinders with gn^it 
rapidity and ia'*t\ the cylinders sinkhig by tlu-ir own weight | j^i • 

UK the muid is remove<l. V\Kn\ a baige or lighter lour • r^ 

eylludHoul wrt>u>:ht-ii\m nnyuvers are fixiil, taoh alK>ut 5 fl, i _ I ; 

In lUtnuoter. io whioh ar\» c^muivtiHl air puiuivj for « xhanytin^', F'J^ l ^ - 
und the eugimvi rtHjuii Oil tu work them. The b»>Uom ol each fS^^PBR^j^^ 
rtH't^iver )» i\{U\\ ym\\ a trnpHUx^r oj^t^ninir outwanls over a * .:'::; 
hopi>or. and to tho U»p i.s attaihtnl a fioxit lo tulv, wliioh ex- 
Ieud4 o\er the wide and to tlie Mlom of the hollow pior. 
An MHMi \\A tho eybuiler in Mmk to the U^l of the river, ti.is hargr is placed alongside it, and tho 
tlexthlo htv^o U'iuj; drnvtinl bv di\ers, in>ide tho pier, the receiveis are exhausU^ by the air pampa, 
and tho i«and »uul water rusli up the cylindtrs to till tho vncunm. As soon as one rvceiTer is 
J>ill, the luvu i>t* a handle ojvu* ;u\,ther,'and the s^ime prwess is r^*i^au-d. the air pompe being 
Koi»t i>M\»tantlY at \\v»rk. A *iu,i.l air valve dt^troys the vacuum in it.« chareM vessel, and the 
tall of tho \u\\\ vKv^r liUr ao:» the sand, whioh ^lU mio the river asrain, but oat»'d«> the pier in^tnid 
ol \\\*\\U\ \\\ iho rtdv'puon ot tour rtH\ i\er» ^v ^fc^u wv>rkinjr wa^ s*«ourvHt a'wl the rate of sinking 
x^iu mjMd, The ^vheml »lm»euMoiw ot th.* s»n I juiv.p* arv : diameter of cylinder, 7 in.: stroke, 
rJuK. duuuet.r^vi ftiro>lnuhr, 12 ok: *tr ke, 1:? ia,; i^toaru. 5«» Ik K^trh 'tsiuk holds 60 cab. ft., 
auil \\ lakv •* U\'»u ono to thuv m unti^ t.» till o-.e tiik, HC^vrifiz t*> th<^ dvpth. 

I hv^ uu ihsHl of oomj rxvx vl ,ar r^r ev^Mir,; v j^ -i:.^::^ u> I't? v>»Qduv-te.J under water, introdooed 
l'\ t u<. I, t- uu u U u Uivsluu\;f.v^n of tl.e ^ui. .: Iv.l. 

l.vx%\i>t,vMlh, \^)uu t..e U'Wvr iu.;v v>i t.;o v\.: A^r his iv*ch^xl a depth of A fl„ the pn*ssai« 

i^a^uvj^nI fxM duxMj; tho Mentor .Hit iMt the t-XvAv;*:: a* b -^ atn^^pl.^rets ; bat &eqoeDUT th« 



tuts iwuu .M >vt' iSo <^^t•'^| U tY»,vM tUo 
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\ H*\v' »\.*i 'u I r* 



t 



vS' t :'\ .v; ;.v nver all: :he e\ -av »t; >£u orja^ les the work to 
>: .xr*.S srr.aur ir\5«>"„«- - ... t "^ n.^,:irx*»t if water had to 






tr :^*! , ^ :♦. t •- 15 a^.'i !o! by placing 



pipe imide to oonTej bvkt the water, and Triger roond that thp liFtlag oT the ntet wm facilitated 
bj the introdoctioD of babble* of air into the pipe ml a certain heiebt. 

Preanm of two at ctbd up to three itnuHphEm do Dot injare health? and enber men. and lult 
bat mea of a lym]datio tempenmeiit, but prove injnriaiu to men who arc plelhoKc, or bntt' heart 
diaeaae. It ia adriBble to avoid wnrldng in hot wMther more than four hours a day, or ax vtvia 
cooaeeatiTelj. From eiperimenta on anioiate Bart has fnoad that the aeeidenta oalued bj a 
lodden remoral of preaaare, are due to the eaoape of the exoeu of K» absorbed by the blood, and 
the naaal mis uow is to allow one minnte an aUnospheie. The cjlinden Bnbjeoled to 
■iKKild be foraiahed with nCetj nlvea, preaanio gaogea. and HUrm whiatJaa, lU eiplos 
■iooallf oocDt. 

Iron ring! from 6 (l. to 13 (I. in diameter are cail in one pinep, and a eaoutchouo washer inlm- 
doced at the joiats between the rioi^ ; ejlindera of larger diameters are ciat in segnientR, and 
cjlinden of Soulier diameter than 6 ft. are rarel; oaed. The tliickneas is uflnnllT II ia.. iucreaacd 
to Itor ![ in. where expnoed to blowi, in conical joining lengths, atid ia the bottom leaglh. 

When two Cflindere have to be ■oak close together, it is bett to sinh Ihem altematelr as the; 
tciid to coEoe together when sunk at the same time. Bometimaj where cylimlent of small diameler 
hare to be used, the eicavatious are extended beyond the cilinder at toe b.>ttom. and filled with 
oottaele to gire a greater beuring sorfaoe : knottier way of aooompliahing (he same objoct is to 
eelaive the lower ringa of the cylinder, and put in a connecting conical length. 

The cylinders at Bordeaoi were breed down by stmne beams o( wrought iron, moved up or 
down by the pistons of four hydraulic preasea, having 1 1 ft. length of stroke and eierling a prrssoro 
of 60 to 70 lona; at Aj^ulaiiil, where cylinders 12 fU in dijmeler hail to bo sunk, tlio ooncr.-ting 
inade was (nirriod on during the «inkin<;, leavins only a cireular shaft in the centre 3 ft. 7 in. in 
dianKter, liiied with wooden framing, and enlargi.'d at the bottom to a conical shape, by a sort of onge 
of inclined beams bntting againat the bottom of the shaft. Figs. 5!6, 527. The crlindera were sunk 
oD the aTera>K 90 ft. below low-watoi level, through mud, sand, gravel, and elay. on to marl or 
limeitoDe, and four screw-jacka of *iO tons power, supported the bottom ring b;r means of flat iron 
■trspa. After the sinking was completed, the chamber at the bottom was fi led with cement 
eoaorete, poured around iron pipm placed near the si lea, so as to maintain tho air dnring the 
operation. When this layer of coui-rele was set the pipes were closed with cement, the normal 
preaeure restored, and tlio shaft flllod np with coucreto. Conerete deposited under compressed air 

Spears to set quicker, and to increase somewhat in strt-ngth, prosiiU'd it is deposited in thin layera 
k>wing the eioesB of water to Odoape, which ma; be effected by mixing 'loij dry bricks witli the 




The foundatioM of the pier, at the Kehl Bridge were accomplished "T,!"^"'^"'''*^" ''""'' 
Vnigner. by a eombinatino of the principles of tho compressed nir prwH-ss, (ho sinking of a | lor by 
its own wettrlit tlie sinkine by dredging, snd the cotfordam systim. Figs. OiM to asu. as iiio in ii 
of the HhlnT. at He l!S,n!isU of la^^e ma»^ of gravel, liable to be disturbed to M It »» "" t"*" 
water level, the foundations wero carried down about 70 ft. For the two centre pier, the ehamb 
* divided into three "" ' "■ "' — "■ '■"'"" "* 



foondntion. For the pie — 
each 23 ft long, the brondth of all 
wo* I In. thick Dt the top, and ^V 



_jns tho length of eneh being 18 ft. 4 ii^. tho widtli of tho 
the abutments for the swini; bridge, there were four cniwonn, 
the cai^eons being 10 ft. The pLde Iron forming tlie eniaao.ii 
Q thick at the sides, and Btrcngthenod by flang.s and gtmiU. 
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The top wu streuethened by double X beonu for rapportiaK tiie weight of the miamry aboT«. 
There were three ih.\fU to eMb cxiuon, too beini; air shafts 3^ ft. in iliumettr, one being id om 
wliiUt the other wu btiiig leiigtlieaeil or ropiured ; the other Bhafl in the oentre wu oval, open at 
the top and ilippiDg into the water in the fuuoilations at the buttom, ao Ihut the watfr ounld ti.0 in 
it to the level of the river. In Uiii ahaft a vertical dredger nitli buckets was always working, »id 
the labourara liad only to dig, to regulate the work and remove any obatacles. The Mrew-jacks 
controlling the rate of descent had a power of 15 tons, and were in four paira. The wowlen fruning 
ing as a cofferdam was erected above the chamber of eiraivation; it was oseful at the com- 



e acoordingl; Hiade through the double pftrtitims. The irjn linings lo tbe air 
shafts wore removed before tbe sliaft waa SlleJ up. The ahan oontainiae the drodgat was M first 
niado of iron, but afterwards of briot for the sake of economy. The sinking oceupioil Hixty-eigbt 
days for one abutment, a'ld thirty-two days fur the otlier, giving a daily rate of I It. I in. and 
I fL 8^ in, reepecLively. Tbe sinking of uie caissons for the intermediate piers took twenty to 
thirty daya, which gives a daily rale of 2 ft. 7i in. 

For large works, where tbe lo.id on the foundations is considerable, carrying down the loDDda- 
tions to a hard bottom is much butter than piling. The dredgfr used at Kelil caimot bu regarded 
OS universally applicable. Some soils are not suitable lor dredging, and in otlier eaaea tbe amall 
amount of eiouvation renders the addition of an extra shaft ineipcdieut. The obamber of eiea- 
ViLlion is almout iuvariably made of plate iron, bat anlike those nt Kebl, with the inm beams above 
the ceiling ianteail of below, bO that tLe filling in oould bu accomplished more easily. The cattinE 
eiige is alwHyg strengthenid by additional plates. At Lorient tbe tb:ckne8s was 2^ in., with 
BFverul plates stopped back so as to form a sort of edge : tbe sides were about } in. thick at tbe 
Ixittom, and ^, in. ut the top, and tlio roof was Onrved a little to iiiorease its strength. At Vichj 
the pliilos were about ^ in. tijiok. At la Voulta, Uollandsch Diup, and Lnceme, a tort of naaonrr 
lining was placed against the iron plnt(«, and kept in place by gusaet plates, to afford grtater 
rigidity against the pressure of the earth. At St Haurioe, nuoden stmts were put in at the baw 
ot the caisson, and aluo lialfway up to support tbe sides. In cniisequence of these modiflcationa, 
the caiaaon at Luoeme, S5j fl. by 13] ft., weighed Only 'ZH tons ; the caisson at St. Maorliv, H^} fL 
byl4i ft., weighed 11 tons: whereas at Kebl, a cutason 2Sft. by 19 fL wei|;bed 34 tons, at Loncol, 
394 ft. by m ft. weighed 27^ tons, and at Riga, eij ft by 16 ft weighed 451 tons. Tbe h.-iglil 
of the chamber of excavation should be about 8 ft. 10 ia. Freauently tbe ooff< rdam aasing is trf 
iron, which protecbt tLe newly built masonry from friotion ; and the upper portion of the csjiing 
can bo removed. At Lorient there were two air locks, Figs. 531, 532, each ooiineoted with two 
shafts, in which bjlanood skips went up and down. 

On the top of the bottom caisson a casing of sheet ui. 

iron, from .,>, t° i '"■ tbiclf, and weighing about 15 
tons, was erected in successive rings. 

The AmericBna have adopt' d ibe pneumatic system 
for some large works and introduced improvemeuts. 
At the St. Iiouis Bridge tbe fonndations were oarried 
to a greater dep'h than had tieen previously attained ; 
and at tbe East Biver Bridge, New York, ooropressed 
air was used in wooden caissons of large dimensions. 
The section. Fig. 533, shows the interior of the 
caisson in the ^t. Louis Bridge, with the main cutrauoe 
ahaft, the oir-ehambtr, and working ports of one of 
the pumps employi-d for excavating the rand. A A 
are the air locks, B B the air clismbiT, C C the limber 
gird< rs. U the discharge or sand pump, Q O the s.de 
shafts, H the wrought-iron casing, 1 1 limber bracing. 
The cbumher is divided into three eqnal parts by 
timber bvams CC, ruiiniag in a dirwtion at right , 

angles to that of the iron girders above the roof. 1 

Inset pieces of plata iron are connected to these jf ^^ t t '\ i 

beams at intervals, to stiffen and Support the roof. Vi...^^ ^ I J 1 

The bottom of tiie caisson projects a couple of feet I 

below the timber beams and sills, so as tu Ibrm a cut- ui. 

ting eiigo. 

Tbe Bund WHS forced up by a pressure of wjtcr amonnting to 150 lb. tbe sq. in. One pump, 
having a bore of 3J in., lifted 20 cab. ids. to a height of 125 ft. an hoar. The masonry inside. Pig. 
S33, was built up as the taisa"n;siink upon the air chamUr. When the rock was reached, the 
shafts and the air chamber below were BHel wilh concrete, and thus becoming one solid maat, 
constituted the real found.ition or bnsis of the- permanent structure. Tho causon, H H, of plate 
iron • in. in tliickncss. was removeil to be used agnin as required. 

Fig. 534ri'prcsi.'ntstbe plant cmptoyed in laying themasonry and sinking the raisMm. A A are 
the di ck irons on tho pontoons U B, F F liydranliu jncks for raising materials, K wire cable for 
supporting travelling purcbuscs, MM shafts for storting und stoppins the same, NN valve 
hvdriLUlia jacks for rajaing and lowerini; materiahi, O air (lumps and (ncines. Q hoe for sup- 
plying air, 8 S screws fnr k ceiling thoci.issnn level hefoie reaching the sand. W W guide piles fur 
caidoii X, Z Z truss, s for guide piles. It lill be seen that a nuniU r of wmught-imn piles. aU-ot 
3 ft a in. diamiter. are arriiij;o.l lound the caisson, and thnt thisc carry upon the framcwoik tbey 
support a set of tcrews, e:icli 25 ft. long, l.r maintaining tbe level of tho caiaaon until tlie Bind is 
n-Bclinl. On the liUtside of the guide-piles are placed two pontoons, carrying double jibs, whieh 



prajeot on one lide orer the flati btinging tbe material, and on the olhet, meeting otw- the et'Otra 
of the cwnon. Between these arc rtretched wire tablu, 2} in. in diameter, opon which run 
truTeUing pnichaaea, that have a capacity of 11 tous, and a niuge of 100 ft Tbeae were worked 
b; hydraulic macliiner; in the usual maiiiiRr. 

The Brooklyn pier waa to be carried 50 it., aod llie Xew York pier 75 ft. below high watpr. To 
proride agaioit Doequal linking;, owini; to tbe rariable nature of the Botl, ooDaialiiig of ■tiff claj 
mixed wiui blocks of trap lock, Roeblinc decided to place tlie bottom of the pier* upon a tliick 

?latfonn of tinibeT. forming the roof of the working cLunber, of which Fig. 535 ii a half BCctioo. 
'he lidea were alwmodeof wood, as being easier thun 
iron to launch and depodt on the exact site. 1'bc roof "'' 

eonidiited of Ato tiera of beams, 1 ft deep, of yellow 
pine, placed oae above theotlieraiid craaBed,the beams 
being lightly oonnected by long bolts. Tlie working 
obambcr was 1ST x 102 ft., and 10 ft. clear height. 
The side walU bad a y lectioQ. with a cast-iron edge 
Oovered wilh sheet iron; tlie walls had a butter ineiile 
ontwaida of one to one, and one in tin un the outside. 
Five tranaverte wooden parlitiona 2 ft tbick nt tlie 
bottom, served to regulate tlie sinking. Wheo the 
caisoD had been put in place, twelve tier« of beams 
were added on the roof of thecbambcrof the Brooklyn 
pier, and nineteen on that of the New York pier, so 
that the tfp rose above water, and the masonry could 

be built withoni a oafftrdam lining. The excaviitioii to the extent of 19,GO0 cub. }>da. was per- 
formed in f ve months, by a scoop dredger, working in two large shafts, dipping into the water at 
the bottom and open above. WJien ham soil was met with, thiao ahafta were shot, and the excava- 
tion performed by manual Inboor nnder compressed air. In tlie New Torkoaiison the total number 
of shafts waa nine. The blncks of trap rock impeded tlie progipss cons i<!erab1v ; tbry had to be d»- 
oovered by boring, and shifted or broken before the caiirson reached them, frhen nnder 26 It. of 
water they could be bluwn up ; this enabled the rute of progress, vhioh bed been 6 in. a week, to 
be doabk-d and trebled. When the calitson had reached a compact soil, it was possible to redone 
tbe pressure to two-thirda of an atmoephtre in excess of tbe normal pleasure, and water had 
oocasionully to be ponn-d inio the opvn sbans to maintain the proper uater level in tbem. By 
frequent renewal of the air. a supply was furnished for 120 men, and for tbe lights: and lb« 
lemperaluni wag kept nearly constant tlirougbnut the year at 86° within the caissnn. while in lh« 
open air it varied from 108° to 0". Aa the load incrtuscd as tbe raissun went down, the roof of tb« 
Brooklyn caisEon was evtntually supported by seventy-two brick piers, so that the rainoD might 
not berome deeply embedded io the event of a sadden escape of air. In the Sew York raiwoa 
two lonKitnilinal partitiona were added, which served the same purpnie. 

In the silty sund that was ^-qutntly met with, a discbarge pipe, np ahicb the sand was 
forced by compressed air. provid very rueful, di>cbarging a cub, yd in about two minutea. The 
New York caiscon, 170 ft. x 102 ft., was sunk in five months ; Ibe earthwork removed nmounird to 
26,000 cub. yds. The ebeupniw of wood in America permits a much freer oas of It there than 
oonid he attempted in Europe. 

When tlie wster-ti^ht nature of tbe lower soil in tlie foundations of tbe East Biver Bridge ia 
oonsidtred, coupled with the inconveniencee oxperienreil in working under oowpr e ased air, ** 
~~ —m probable that in some future large work it may be possible tc 



sinking a large caisson with compressed air. and after a better strstoni is 
reached open all the shafts. Tbe operation could then be completed by pumping 
e small amount of water that might come in, and excavating il 



onliuary way, aa is oHen done in England, on a small scale, wbero the ixcavation 
to sink the oylinden to a water-tight stratum is performed by divers. If, as 
Horandiere suggeated, the air-lock was placed clnae over tbo working chamber, 
or even inside it, which would save constant alteratioua and allow of its bdng 
of larger dimensions, it would be desirable to have a special air-lork at the tup, 
so that in the event of an accident tbe men might mo up thu shaft, without 
the delay ocoailaned by passing through i\.e sir-lock. At Bordeaux the 
air-lork waa formed by Sxing one circular plate on tlie top, and the other 
at the bottom of one of the rings of the cant-irun cylinder, so that it was 
nunecrsBBTy to remove it each time that an additional ring was added. To save 
loss of air, tbe air-lock should be opened verr seldom, or made very small if 
retjoired to be opened often. At Argrnteuil the air-lock. Fig. 527, had an 
annnlar form wiUi two compartments cc', each having an external and e~ 
internal door. One compartment was put in communication with the interii 
to be filled with the excavated matenal whilst tbe other was being emptied 
by the outer door, so tliat the loss of air was diniinished without any interrup- 
tion to the work. Sometimes a double air-lock with one large and one small 
compartment is used ; the large one being only opened to let gangs of workmen pais, and 
the small one just big enough to admit a skip and to contain a femall crane for moving it. Br 
having a smallair-lock opened frequently, any suddcu alterations in pretsure are diuiiniahrd. A 
more complete armngement was adopted at Nantes, Figs. 536. 537. There a short iron cylinder 
waa placed on the top of the double shaft in which the skips worked, having at one side a rreacent- 
slia^«d chamber a, serving to pass four men, and also on either eide two concrete receitri* dd", 
having doors above and below. There was a shoot below for turning the concrete into tbe 
ronndatioD*, and a box b c, holding a small tmck which emerges at c, after having been filled 
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from an upper door 6. This lastoontrtTonce reeembles that devised at Vichy, by Horeaux, Fig. 538. 
The cast iron box L N going aoruss a segment of the air-obamber, has three oriiices L M N, and a 
drawer, with two oompartments, sliiles in it. If these oompartmentB are at M and N, the left one 
at M is filled, while tke other at N is emptied. Then, by a rack movement, the diawer is pushed 
back till the compartment to the right comes to the centre of the box, that is 
to say, into the air- lock, and the other is emptied outside at L. At Rotterdam | "^ 

Hidiselis put a sm:iU inclined trough at the bottom of the principal air- 
lock, and closed it at each eXtremiW by a valve, so tiiat it both formed a little 
independent air-lock, and also a shoot for the excavation. Smith employed 
the sfime system at the Omaha Bridge over the Missouri. By not permitting 
the earthwork to enter the principal air-look, it was possible to keep six 
glazed bull's eyes clean, by wnich both daylight was admitted and at night the light was thrown 
from a reflector. The use of lamps inside, smoking and giving a bad light, was done away with. 

A. 8. von Eisenwerth conducted some experiments to ascertain &e amount of air actually 
required, for sinking wrought-iron caisson foundations by the pneumatic method. A rough rule, 
determined by practice, is that for a caisson having an area not exceeding 800 so. ft., a blower 
capable of delivering about 12,000 cub. ft. of air an hour was su£Scient The old practice is to 
estimate the number of workmen and the number of candles employed inside the caisson, to reckon 
220 cub. ft. a workman, and 11 cub. ft. a candle each hour, doubling the total to allow for loss. 
However, only 17 to iO per cent, of the air pumped in for the benefit of workmen actually reaches 
them, and the loss by leakage determines the supply. The leakage tbrou^li the air-pipes, air- 
lock, and shaft is small in comparison with that through the walls of the caisson, and is stopped 
to a oonsideruhle extent by plastering the joints on the inside with clay. In Eisenwerth's 
experiments the roof of the caisson, covered with a layer of cement, and a thick mass of concrete, 
was practically air-tight, except at its edges, where it joined on to the vertical sides. The leakage 
fhroush these bides, in spite of the masonry lining, was by far the most important. It was found 
that during the first expulsion of the water from the caibson, the leakage through the sides alune 
caused a loss equal to 20 to 33 per cent, of the air theoretically required. The loss observed in 
various experiments, during the expulsion of the water, appears to be about 9*487 cub. ft. a sq. ft 
of wall-burface in each working hour. The loss of air while the caiaon was being sunk by 
excavation inside, varied between 9*843 and 17*225 cub. ft. a sq. ft. of side area an hour, 
according to the workmanship of the caisson and the nature of the soil. In coarse gravel and clay 
the kus was decidedly less than in fine grevel and sand, being on an average about 141*26 cub. ft. 
in the first case, and 153 cub. ft. in the second, for a medium depth of about 23 ft. Where the 
caissons are small, the relative loss is greater, because the blower pumps more air than is necessary, 
and part, therefore, escapes under the bottom edge ; in this case, by an arrangement of valves, two 
caissons can be sunk together with the same blowing engine. As might be expected, the loss of 
air increases with the increasing depth of the caisson under water, the average increase being 
apparently about 10*76 cub. ft. a foot Generally the result is shown that in caisson foundations 
the proportion of air used for passing the materials and workmen through the air-lock, and for 
keeping the caisson full of air against the increasing pressure as it descends, is only 1 per cent- of 
the whule, the other 99 per cent being lost either tlirough leakage or escape from the bottom. 

Tubular foundations are the most efiectual means at the disposal or engineers for carrying 
foundations to great depths below water. Economical considerations render it desirable to adopt 
pumping or dr^ging when possible; but compressed air is very serviceable where boulders or 
other o&tacles are met with, or where the ground is conglomerated and unsuitable for dredging. 
In cases where the proper course to be adopt^ is a mutter of doubt, the success at the Gorai Bridge, 
and the power of resorting to the aid of divers if necessary, would encourage an attempt being 
made to dispense with compressed air, which at great deptlis, such as 100 ft. under water, is 
attended with danger. The Tet Bridge, moreover, furnishes an example of the possibility of re- 
torting at last to compressed air if found indispensable. 

In soft ground of unknown depth the best methods for making foundations are those already 
described ; but it is sometimes advisable in small works to adopt more economical methods. Two 
distinct cases have to be considered. Where the soil is firm, but liable to be scoured to great 
deptlis; Where the soil is soft as well as exposed to considerable scour. j « m 

RigemottL'S, at Moulins, renounced the idea of finding a stable foundation far down, and built on 
the surface, rendering it secure from scour by covering it with a masonry apron. The apron. 
Pig. 539, having a uniform thickness of 6 ft was laid on the dredged and levelled be<l, diied by 
diverting the stream, or in some places, by inclosing it with timber and pumping out the water. 
The infiltration through the bottom was stopped by depositing a layer of clay all over, and tlK-n 
lowering caulked timber panels in it This method has, however, been much Bimpl»flrd by the intro- 
duotkm of hydraulic concrete. Another form of apron, Figs 640, 541, was adopted at the Am Bridge 
with a single row of sheeting at each end, 26^ ft. from the facing of the bridge at the lower, and 
lU ft at the upper end. The lower or down-stream ends of the apron were always the mobt secured 
against wour, in the belief that a cavity wuuld be formed below by the scouring away of the sand, 
but that above the ourrente would bring down sand and fill any hollows that might have been 
scoured out The investigations however of Minard and Marchall indicated that the upper end of 
the apron is most exposed to scour and requires most protection, as tiie river-bed close to the lower 
end is protected by the apron, whereas at the upper end the river-bed is expoted to the full force of 
tike current where obstructions of the piers produce whirlpools. ,. j * j * *u •* « 

In certain instances the movable bed of a river has been anfflciently consolidated at the site of 
a work by merely a thick hiyer of rubble stones thrown in, giving time for the stones to take their 
final settiement during floodi. Lastly, a movable bed can be con«)hdated by a wooden stockade. 

The second case of a soil, both soft and liable to scour, has next to be considered. Where con- 
biderations of exi)ense forbid g<.ing down to the solid, the following methods have l)een adopteil ;- 
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The ground is sometimes consolidated by driving a number of piles close together, or by ooToring 
it with rabble stone^ with or without &8oine work, so as to form a kind of superficial crust capable 
of bearing the structure. It is, however, generally advisable to break through the superficial stra- 
tum, and to produce a compression extending down a considerable depth by a large weight of earth. 

Anotlier method is to increase the bearing surface at the base by large footingii, or by timber 
platforms, layers of concrete, bedding courses of masonry, or rubble stone. 
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Tbe weight of the superstructure can be diminisbed by forming hollow cells in the masonry, or 
by using iron girders instead of stone arches. In heterogeneous strata, the weight must be di»- 
inbuted as much as possible in proportion to the bearing power at different points. It is advis^aSle 
sometimes to enclose the site of the foundations with shectiug^ walls, or the like, not only as a pro- 
tection against scour, but also to prevent the running in of the soil &om the sides when a weight 
is brought on it. 

Stone and Brick Biidges. — ^These have already been very fully treated, particularly with referenco 
to the subject of skew arches- There are, however, several practical points of importanoe in con- 
nection with bridges of these materials which are deserving of notice. When stone is used it is 
chiefly for archit^tural effect and not economy. In former times cementing material was very 
inferior, and for stability it was desirable to have voussoirs in one piece ; even now small bridges 
in the Highlands are so built without mortar of any kind. But at present the cement is as good 
as the stone, and it matters nothing how many pieces the arch vring is built up of, whether of a 
multitude of bricks, or a still greater multitude of particles of stone and cement in the form of con- 
crete. The arch may be regarded in either case as a monolith, and the onlv conditions necessary 
to ensure stability are, that the curve of equilibrium shall fall within the thickness of the arch ring, 
to a sufficient extent to limit tlie pressure to the proper working strength of the material, which may 
be taken at 8 tons a sq. ft., for good ordinary stock orickwork. 

The largest stone bridge ever erected is the Grosvenor Bridge, crossing the Dee, near Chester, 
It has' one clear span of 200 ft., its rise being 42 ft The manner in which this arch was keyed 
in is worthy of remark. The courses contiguous to it being set, three thin strips of lead wore 
first hung down on each side of tlie stones, between which the keystones were to be inserted. 
The keystones were then smeared with a thin greasy putty, composed of a mixture of white-lead 
and oil, and were driven home with a small pile engin& The object of the lead was to prevent the 
surface of the stones grating; it acted, in fact, as a kind of slide. In striking tiie centns, 
particular Ciire was taken to keep the crown up and let the haunches come down. The Pont 
Bt. Maxence, blown up by Allies in 1814, is worthy of notice, as being perhaps the fiattest stone 
arch, namely, 3 spans of 72 ft arches with 5 ft. rise only and 3 ft 9 in. voussoirs. 

The reliable character of concrete exposed to compressive strains, is shown by the experimental 
bridge of concrete which was erected by Fowler, over one of the cuttings of the Metropolitan Railway, 
London, Fig. 542. It was an arch of 75 ft. span, 12 ft. wile, and 7 ft. 6 in. rise in the centre, where 
the concrete was 8 ft. 6 in. in thickness, increasing towards 
the transomes, which abutted upon concrete skewbacks. 
The material of which the bridge was made was formed of 
gravel and Portland cement in the proportions of 6 to 1, 
carefully laid in mass upon close boarding set upon the center- 
ing, and enclosed at the sides. The amount of concrete em- 
ployed in the bridge was about 4800 cub. ft., so that the 
weight of the structure was some 300 tons. The centre of 
gravity in the half-span being 16 ft. 6 in. from the abutment, 
the weight of the half-span 150 tons, and the rise of the arch 
7 ft. 6 m , the thrust at the crown was equal to 830 tons. A sectional area of 42 sq. ft. was 
available to resist the thrust which equalled 7 tons 17 cwt a sq. ft The addition^d strain a fl. 
run for every ton of distributed load was equal to 2^ tons a sq. ft, maximum strain for a mlling 
load Si Uma a sq. ft. with the load at f ths of the span. This bridge upon test carried a dead l<iad, 
including ballast and permanent way, of 12*25 tons, and a rolling load of 2*8 tons, or a total strain 
of 15 tons 2 cwt. on the sq. ft., without failure or distress. From this, it is fair to a^ume that 
a well-built concrete arch is as Ptmng as one of brick, but at the same time the useloKsness nf 
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Od the contineot oT Emope maur bridges h&TO been boitt either of concrete in mara, c 
bloeka eet as UBBonry. 

Figs. M9 to an arc an ofthogmpliic pTojection, of an ordinary stone Ot brick bridge on 



Munis, over a iBilwBj in vbich tbo line is In cutting. Fig. M3 U an elentkn: Fig. 546, 
plan above fnundatinn TootingH ; Fig. 517, plan of the nndor itring.oourM; Figi. Ml aad MS, 
Kotiojii at A B and B F reipeoUTelT of Fig. 546 ; Fig. 5*6, cection at V D, Fig. M7. If the 
oatting ia vary deep, so aa to require a correeponding increaie in tho height o{ wing wall, Fig. M4, 
relieving arches are aometimee tamed. There is, however, nothing gained by tbis arrangenwnt. 
except perhaps in appearance, beoanBe although a certidn amount ia aaved in the wing walla, it !• 
more than compenaaled for bj the qoaulitf in the arch and the eipcnae of centering ami rapeiior 
workmanahip. The thicknoi^B of the wing walls ia comparatively nuBli, and the qiaae between 
each pair viowi^ in the cti«s aectian of the plan of the bridge, Fig. 547, ia filled with anj material 
suitable for the purpo^. When a relieving arcli ia tnmed in the wing wall, it mmit exteDi) the 
whole length of tbis space ; and except the oulting Is aofBoiently deep to allow of a MmicircDlar 
att'li, there ia no economy in piercing the wing walls in this manner. The length of the wing 
walls depends upon the distanoe between two lines, representing the levels of the anier and k>w«r 
rouds, respectively. Should the bridge be wholly in catting, the slope will extend from one of 
these to the othor. Frequently, however, Ihia ia not the ease, and the road luu to be taiaed to 
■ome extent, as in Fig. 543. It is then usiul to leave a small ofCiet, or bench, at the point vbere 
the slnpe of the ontting intersects the aurfaoe of the ground, when the road is raised, in oider to 
prevent the made earth from tailing down the slope of the cutting. The dotted line* in tha 
elon<tioa Fig. M3 show the position of the stepa or offsets of the winga, oonntorforta, and ^abDsnta. 
Poditle, or asphalCe, laid on the brickwork, Fig. 5-18, supports Ihe rood. Wlien clay of proper 

JUHlitj oan be prooured, and if the work is well done, tbn paddle answers weU. Tlie w^ls of 
ridges are often backed with drj lining, oansistiDg of sukHll Btooes or broken biiofc, aboot 6 in. in 
tliicknesa. Tbia acta in the same cspocity as dmia pipea, or weeping holea. 

Figs. 549 to 554 repreeent a working drawing of a skew bridge m embanlnnent. Fig. 549 ia 
•D elevation ; Fig. 550, tmnarene aeooon in sqaare ; Fig. 551, plan of aaperstrnctnre ; Fig. 552, 




serlion of abutment on square ; Fig. 553, plan of fonndations i Fik. 554, section of win^ wall. Tbe 
different lengths and dUposition of tbe wmg walls prevctit Ibe bridge being aymmetncal aboat ila 
oi-nlro line, alihoiigh tbe dinicnsiona on tbe square are the same in both halvea. Fig. S63 clearly 
indiFatea the effect of skew in increasing the general dimensions, and conKqnently the onbioal ooa- 
tents of tbe whole slnictnre. Working drawings upon a large scale are reqnired for obtaining tba 
denlopDient of the extradoa and invades, the spiral courses or eonrsing joints, and their intei^ 
section with the fans tine of the arch. When tbo length of the sofBt of an arch on the skew ia con- 
siderate, it ia not UDOMomon to bnild the central pcrtion on the square, aod limit the akow faii to 
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the ends in the yicinity of the fiftce line. If the junction of the akew with the square portion ia well 
ouuie, there is no practical objection to this method. 

Aimtments^ Wing Walls, and Counterforts. — These portions of a bridge serve to support the pressure 
of the eartli as well as to carry their share of the load, whether it be of the nature of a thrust or 
simply that of a vertical weight. The two working drawings. Figi. 543 to 548 and 549 to 554, fully 
explain the manner in which they act, and the useful purpose they accomplish. The methods of 
Ciilculating their strength as retaining walls, when theyreach dimensions of importance, will be 
found in the articles Retaining Walls, Construction, Wuterworks. With the exception of the 
dreraed work, such as string-course, quoins, CAps, und copings, these parts of a bridge are generally 
built of the same description of work, a distinction being made between face work and the backing 
of the walls. 

Iron Ahutmenfs. — Although there are numerous instances in which iron, both cast and 
wrought, is the material used for the piers or intermediate supports of bridges, the examples areW 
no means so common in which it is also employed for the terminal supports or abutments. It 
might appear, at first sight, that if the nature of the foundations rendered it advisable to adopt 
iron in the piers, the same conditions would dictate the use of iron in the abutments. But this is 
not always the case. In the first place, the character of the substratum in a tolerably wide river 
often differs at different parts of tne transverse section, and it is seldom that both abutments are 
founded at exactly the same level. There is a notable difference in the nature of the ground on 
the Surrey and Middlesex shores of the Thames, for example, and a dam that would fully answer 
its purpose on the one might not always be sufficiently strong on the other. This fact was well 
shown during the construction of that portion of the Northern embankment near Blackfriars 
Bridge. A serious blow occurred in the dam, and yet this dam was almost identical in design 
to that which was employed during the building of the river wall from Westminster to Yauxhiul, 
on the Surrey side of the Thames. On geological grounds alone, therefore, brickwork or 
masonrr might be well adapted for the abutments of a bridge, and yet be superseded by iron, 
with advantage, in the more central and deeper parts of the stream. It is not, however, until we 
eome to regard the different duties a pier and an abutment have to perform, which necessitate a 
diversity in constructive detail, that the real reason of the general unsuitability of iron for 
abutments becomes manifest ; although there are many situations, as we shall point out, in which 
they may be employed to advantage. The sole duty that a pier has to perform, so far as relates 
to the bridge itself, is to bear the direct vertical pressure of so much of the superstructure as 
falls to its share. There are no doubt in many instances other forces in operation which try its 
stability and strength, such as the velocity of a marine or river current, the impact of ice, or the 
concussions of floating bodies, but these are beside our subject. It ia otherwise with an abutment. 
In addition to bearing its own share of the direct weight of the superstructure, it has to act as a 
retaining wall. It will be understood that at present we are speaking of those forms of bridges 
which exert no thrust against either the piers or abutments. As every bridge must have an 
approach to it, which is most freouently of eajrth, it is the necessity of making the abutment support 
this that g^ves masonry or brickwork a general superiority over both cast and wrought iron. 
In many cases, however, it is convenient and economical to dispense with abutments and wing 
walls altogether, and simply put in a support similar to the intermediate piers, and allow the earth 
to fissuDie the slope necessary for stability. 

So far we have only taken into consideration that portion of the end supports which may be 
termed the abutments proper, but this is seldom sufficient of itself to retain the whole eross-section 
of the approach. The retaining wall, regarded as a whole, comprises not merely the central vertical 
part which carries the superstructure, but the side portions, or wings as well, which have no 
vertical load to support, see Figs. 543 to 548. It is in the wings that the chief difficulty of em- 
ploying iron with economy occurs. In the abutment a certain degree of strength is requirc<l to carry 
the vertical load, and this amount can be simultaneously utilized as a contribution to the total 
necessary for the retaining wall. On the other hand, the wings act simply as retaining walls, 
hnving no vertical weight to bear, and the question becomes reduced to one involving the relative 
economy of iron and masonry or brickwork. Except in examples such as armour plating, targets, 
and engineering works of a warlike character, the substitution of iron for the older materials used 
in construction, will generally be found to be nearly equivuhnt to the substitution of the hollow 
for the solid form. Take the earliest, the cast-iron flanged girder. It is nothing else in form than 
a beam with the material cut away about the centre. The same statement hulds good for wrought- 
iron girdersf and the hollow column is only the stone pillar with its core extructed. It is not 
difficult to understand that a given amount of metal which would be able to support a given vertical 
weight would be quite inadequate to resist the same weight acting in a horizontal direction, or at 
an angle with the horizon. In the one case, supposing that there was no bending moment induced, 
the iron would only yield to a weight equal to its crushing pressure ; in the other, the resistance it 
would give would depend upon the direction of the strain it was subjected to. Iron wing-walls 
will therefore evidently onnsist of plates to which the requisite amount of stability will be imparted 
by the addition of stays and bracing. 

In the case of the New Ross Bridge the abutments and wing walls consisted of cast-iron 
cylinders with cast-iron plates fitting in between them, and a strong backing of concrete, which is 
equivalent to so much solid strutting or bracing. The design of tlie cylinders and plates is 
analogous to that constituting the foundations of me piers of Westminster Bridge, if we substitute 
pUes for cylinders, the whole forming a cast-iron frame and panelling. Thn relative economy 
of this method of construction, depends viry much upon tlie difficulties that may result from the 
presence of water. To build a retaining wall on dry land of east-iron framing and panelling, 
to support a 25-ft. embankment, would oe scarcely an economical proceeding; but to employ 
the same design in 25 ft. depth of water is another matter. As a rule it is certainly more expe- 
ditioas to aink cylinders under water, and drive down panel plates between them, than to 
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coDBtracI a letnporary dtaa and bnftd a tidid nail of maBcniry and biii^wark behind it. Bat it 
in not always ao. Omitting tbo contingent difBoQlties in dealing with vater, the acbMl cost nf 
the two aystcnia will differ to some extent, and the baUnoe will in great mearan dqiend npcm the 
lespoctire cnndttionB alieadj nienlioned. 

The queatioD of durabiUt; miut not be paaaed over. There an ao manj dfHereot opinkna 
leepeuting the behaviour of cast and wmugbt iron, when eipnaed for aome time to the actkiil 
of cither salt or fresh wiiter, that no ponitiTe conclusinn ran be UTiTSd at on the matter. Oait 
wed to BOa-water bai been funnd bo soft thai 
d oomparativelj nninjoied for j 



a protei^tion against the furtlicr action of t) 

true, hut it must not be forgotten (hat mat , 

inm in Iho position under notire will be Iceaoned if there is a tidal solioa at work, as the efli^t of 

alternate eipoanre to water and a 



te that produced it. This m»j to aome extent be 
tr quite protected iron ;et. The dorabilitj of a 
d if there is a tidal solioa at work, as the efli^t 
1 confined sole); to timber, but exlraida to mctallia 




nndcr wliioh thoao bridges wore reqaired were peculiar, and demanded a spceial kind of (tno- 
ture, A vaat extent of pampas of flat country was interaected by rlvere, and the Go»eni- 
lAent wiu deairoua of improving tlie communication by erecting bridges, amonnting to oier a 
liundred, at all oimTcnient points. As the eovutry has neither stone nor timber, and •• 
ovon hrioka are not easily mnde or procured in tho now dis- 
trict, Uandyaiilo * Co. proposed bridges which should be com- ut. 



nary building materiaU. Tlio niHMjhannol piles are formed of 

Iron acrow-plli's. The foundation aoil ia of a calcareo-argil- ~ I 

laoooua cbaraclor. Aa will be eeen from Fig. 557, simUar ' 

Ellee were praposed for tlie abntmenta, and to tlieso piles are 
r>lt«l R Kcriea of cnal-iron plates, forming a complete laoe and 
aide wioRa. Cast iron was preferred for this worW rather than 
wrought iron, aa lieinff better adapted to resist the outward 
tliruot of the banks, and oa also beat suited to the alternate 
wet and dry oondltion at the diffurent seasons of tho year. 

"^ ,..—., __ , . , ^^j if rtrong enough to oarrj the CMta 

on a small wlieel baac 

_„ . . — ,._, — — jgn, by H. N, Maynard _,^ „ 

iron. A coualdi-'rablo numliorof thcRostrurturm hsTebeen successfully erected abroad. Theaeabnt- 
nicntaran he made complete at tho ironworks, token lo pieces for shipment, and pnt tognther ania b* 
tbooidof boltainaToryshorttime. The men who ciectthegirderscan execute the work,aiiafoaU 



BBID6E. 



217 



6UL 



the dUBcnltieB and delays ccmiieoted with the oonstniciioD of masonry abntmentB, in aooh ooantries 
as India, are effeotoally aToided. The abutment oonsisii of five scdid wronght-iron screw piles, 4} in. 
in diameter. Figs. 558 to 563, hraoed together on Bfajrnanl's sleeve principle ; the bracing being 
fonned of wronght-irop arched plates, serving as retaining walls, and connected to the sleeves by 
means of bolts passing through flanges C fonned on them. 
The outward thmst of the embankment, which is filled in 
between the wall of the abutment, is reaistt^ by an 
amuigement of the rods D shown in Fig. 562. To facili- 
tate transmission, the retaining plates are made with 
horizontal joints E, at about 2 tl. 9 in. apart, with angle 
iron forming flanges, by which they are connected to- 
gether with a few bolts. In erecting this abutment the 
ground is first levelled at the parts where the iron walls 
are to be placed, and the screws with tlieir sleeves 
erected in position, as shown in the plan ; the bracing 
or retaining wall plates are then attached, and the front 
or bearing piles B, Fig. 563, driven bv means of a capstan 
to the required depU^ the other or back piles, O, serve 
to anchor the plates in position, and are attached to 
sleeves by bolts passing through them, whilst the front 
row are cut off flush with the tops of the retaining ^tes, 
and form a bearing for the bed of the girders. When 
long walls, such as those belonging to quays and water 
frontages, are built of either cast or wrought iron in 
the manner described, it is necessary at certain intervals 
to have additional braces and ties, and to extend them 
farther back. This is to render Uie construction in some 
respect analogous to that of long stone or brick walls. 
The extra braces take the plara of the buttresses or 
counterforts, built at certain intervals, either at the front 
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or back of aU long retaining walls, to prevent their becoming distorted and bulging out Cast- 
iron walls, insomuch as the thickness would be much greater than that of similar wrought-lron 
ones, would have more inherent stability in them than the latter. This can be readily compensated 
for by a proper arrangement of bracing in the thinner structure. As far as the relative cost is con* 
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oemed, then would In many iiutanoei be little or no differsaaa, r* the greater aimnnt of oMterUl 
in the one at a cheaper mle, would aboat eqoal the leuer amoaDt at a larger price in the other. 
In inataaces in which rapidity of conatructkm is a primary oonaidetatitai, Hit« methud of bnildinc 
letaining walls pooewei many adrantBge*. 

Numi miu are the methodi ailopted by engineers and arrhiteet* Id forming madwaj* and 
footpathg over bridgei, from the ordinar; metelliDg and flagfing, to boarding the whole u(* of the 
brid^ oTor with inch bonrda, which ia the method adopted in 
the Albert Bridge, aa ia ehown in the section oF that road- 
way. 

In Fig, 561 ia 'represented s half cross section of the aroh 
and roadway as usually arran^ in stone or briofc bridges. In 
the present inBlnnve, the arch is supposed to bo of atone, whiob 
is shown alternately in section and end elevation, to point out 
that the ooureing joiiiti break joint. A Ten good Torm for the 
rroas section of a roadway is to draw two lines at a slope of 
one in tliirty, meeting at the centre of the road, and join them 
for a distance of G ft. by the are of a circle having a nulius of 
90 ft., which will be praotioally flat, with jnst snScient slope 
to allow the water t« mn otL The footpaths should have a fall .. 
of I in. in the foot towards the side olianuela Where metalling 
is Dsed it should bo at leaat 6 in, thick, and the depth from 
sorfuoa of road to masonry, slioald be snfflciont to admit of '\: \L 

small jHpes being cairied across the aroh; large pipes are '; :. 

usually allowed to cut somewhat into Ibo srch rings. iSranile '.f •-■ 

•its OD concrete, wood paving, and sspbalte are, of coarse, ' ■■ 

•vsUable tor bridges aa tat ordinary ronidwajs and footpathi^ ^V 

and offer no special featnraa. A parapet is shown in Fig, 564, * 

which, by the n-golations of the Boiud of I^ade, must be 4 ft. in height In every bridge aouuDg 

mder their Jnrisdietirai. 

So aoMk as the horizontal girder became mbstituteil for the arch, the arraoKenent shown in 
Fig. 569 was very generally employed. The caat-iron girders G G are canitd mi bed atonei 
B B, a layer of felt being planed between the top of the bed stonea and the bottom Bange of the 
girders. It may be remarked here, that the width nccossBry to be given to tlio bottom flange of 
the girders, is very advantageous for the ■pringings of the jock arches. In fact, this principle 
of construction would be naturally suggested by the form of the lower flange of the girders. Tbo 





jack archM. which should not be less than 9 In, in the depth of Ihe ringi, are tamed in the nmal 
manner with plain mortar. There is no necessity for incurring the expense of tnming then 
in cement, as u sometimes done. A laver of aspballe, sliown by the thick black line, is spread 
nniformly over the extrados of the arches. Tbe tbicboeBs of this layer need not exoped ) in., 
provided it be ciirefully laid on in two si-parate coats of j in, each. The hannching of the archca 
np to tbe level of the crown, which is on the vme Uvel as the tope of the cost-imn longitudinal 
girders, may be filled in wiih broken brick, or otlier good, dry mbbish. Over this is laid the 
metalling, the depth of whicli sliould be about 9 in., and never lees than 6 in. The footpath in 
Fig. 64>5 is snppneed to be flagged with stonee. The thickness of theee may vary From 2 io. to 
3 in. ; but very often there is no rho'ce in the matter, and ehift most be made with tbe bert that 
mn be obtaini-d in the neiglibourbood. It wi)l be observed tiiat the outsiile longitudinal giider 
G', or fare girder, as it ia usnally termod. is made only about half as strong as the intermediate 
ooes on account of its liaving mucli less weight to carry. The manner in wl.ich the thmiit of the 
Jack Bn'hcs is provided for deserves attention. Tlie tbmst nf ea<'h arch on one side of the towiv 
part of tbe longitudinal girders is counleracled by that of its ft-llow on the other side, and this 
SDrO(«sivD action and counteraction continues until wo come to tlie arch, one sprinKing of whkdi 
bears agiiinst the inside of Ihv face girder. Here there is no arch on the other side to take tbe 
thrnst, which is thus thrown altogether on the faou girder. Tbe girder is, no doubt, strong 
cnougli to stand tbe thrunt without any additional assistance : but in order to relieve it of the 
strain, a lie-rod T is carried at intervsJs right across the bridge, and ties sU the longitadinal 
girders toeetlier. It acts in precixely the same manner as if lliere was but one arch, and it eoD* 
stitut4-s tbe tie from the one springing lo the other. These ties may be placed at about eveiy 
6 ft apart, and should be of good wrought-iron rod, not less than 1} in. in diamettt. This 
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roadwftj, carried on jack arches is seldom used for large bridges, as the weight renders it 
unsuitable. 

There is, however, one example on a very eztensiye scale in Paris. It is the bridge at La Place 
de I'EuTope, which carries the common junction of five main thoronghftires over a railway. The 
total area of roadway and footpaths extending over the bridge Is about 8000 square yards, an extent 
of surface which is not often met with in structures over railways, if we except such cases as those 
in which stations are erected at a low level, and these seldoln support so much. In Fig. 566 
i« represented a longitudinal section of a portion of the roadwav of the bridge under notice. The 
erijss girders C G are of wrou^^ht iron, with equal top and bottom flanges, instead of unequal 
flanges, as in the case of cast-iron girders, and are spaced 6*56 fU apart, from centre to centre. 
Between them are turned the jack aroties A A, which are 9 in. in depth, and weis;h, the foot run, 
0* 145 ton. The peculiarity in these arches is that the bricks are not solid, but hofiow, so that the 
wrought- iron main girders are not loaded so heavily as the cast-iron examples which have been 
already described. There was clearly the desire on the part of the designer of the structure 
to diminish the weight of the roadway as much as possible, and keep its general style in accord- 
ance with that of the rest of the structure. The black line in Fig. 566 shows the layer of asphalte, 
rather more than ^ in. in thickness, spread over the arches. The haunches are filled in with 
a description of thin concrete, which also extends over the crowns of the arches and the tops of the 
oross girders. This concrete weighs 0*108 ton a foot run, and over it is laid the metalling, 
which is 1 ft in depth, and weighs to the same unit 0*856 ton. 
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Some arrangement is evidently required to take the final thrust of the hollow brick arches 
supporting the roadway, as was explained in a former example, and the manner in which this is 
accompliwed is very ingenious. It is manifest that although the arches rest upon the cross 
girders, yet the thrust of each half-arch is resisted b^ that of its neighbour, acting in the opposite 
direction. This process of thrust and resistance is continued until we come to the last half-arch, which 
has no fellow to take its thrust. This tl irust is not taken by the abutment* but the last cross girder, upon 
which the arch rests, is tied bv strong plate braces to the last cross ^rder but one, at the points where 
it bears on the main girders, thus transferring the thrust to these points. As an additional precaution, 
the last two arches are tied, the last by a solid plate diaphragm, and the last but one by a flat tie-rod. 
This arrangement makes the iron and brickwork to form one complete frame, so that if we were to 
imagine the whole superstructure lifted bodily from its support, it would still be self-contained. 
If the thrust of the last half-€irches were taken by the abutments, the efiects of the expansion, by 
alteration of teroptrature, of the main girders would be accumulated on them, ana the con- 
sequences might be serious. By the method adopted the total expansion is subdivided at every 
cross girder, and the effect upon each arch is inappreciable. For small examples of brid^ the 
plain tie-rod answered well enough, but when the roadway reaches the dimensions of the bndge at 
La Place de IHSurope, a more scientific and complicated arrangement is necessary. The footpaths 
are supported by small cross girders G C, shown in the longitudinal section, Fig. 567, and those in 
the centre part of the bridge, between the central face g^er and the nearest intermediate, are the 
only ones requiring any consideration. They have a span of 14^ ft., and are placed 6| ft. apart 
The total weight Ciich carries, including the weight of the single X ir^y^^ resting upon it and its 
own weight is 8*5 tons. The single | i^^^^^^ under the footpaths have a mnximum span of 8*69 ft., 
and their distance apart is 9) in. from centre to centre. They are 81 in. broad, by 4| in. deep, and 
have a uniform thickness of 0*39 in. The footpath consists of concrete covered by a layer 
of asphalte, and has a rather strong fiiU against the curb-stone. The cross girders are sup- 
pnrtea on brackets B, Fig. 567, which are riveted to the main ^rders G and O'. The 
fonner of iheite is the fare or outside girder, and the latter one of the intermediate main girders. 
Both of these are lattice girders, and therefore it is necessary to put a handrail, B, as a 
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protection to the foot passengers, as the lattice ban in the side of the face girders ere not 
sufficiently close together to act as a parapet It is not unusual to have plate gibers with solid 
sides preferred to those of the lattice type, because by increasing the depth of the face girder ii 
can be made to act as a parapet. There are two objections to this apparent economy. The one 
is that it is in reality a very expensive method of constructing a piui»pet, and the other that it 
constitutes a very unsightly one as welL 

When bridges are built for str^t traffic, instead of that of country or suburban roads, there are 
one or two features which at once serve as a line of demarcation. In the first place, the roadway 
is usually paved, not as footpaths are paved, with flags, but with sets, as they are techni- 
cally termed. These sets consist of stones, hammer-squared ; that is, roughly dressed into the 
form of a solid 9 in. by 6 in. Several names are bestowed upon these sets, according to tlieir 
size *and quality. In some localities, more especially in the quarries in the neighbourhood of 
Leicester, they are called sovereig^is and half-sovereigns, accordingly as they are of the full size 
specified above or of a smaller size, resembling those that are usually put down at the entrance 
to stables, farm-sheds, and courtyards. Sometimes the roadway of bridges, situated as just 
described, is constructed of wooden sets, similar in form and size to those of stone. It may be 
remarked here, that wooden paving has undergone a very extensive trial in London, and appears 
to wear well. There can be no question about the absence of the noise and racket which aitenda 
the employment of a stone thoroughfare in the adoption of the wooden road. The only point 
that remains to be settled is that of durability. It cannot be denied that if a roadway will stand 
the traffic of London, it will stand any traffic that can possibly come upon it, allowing in all cases for 
reasonable wear and tear. Another distinctive feature to be noticed in bridges, which may be 
sppropriately called street bridges, is that the footpaths are usually paved either with flags or with 
some description of ornamental tiles. The latter method was originally adopted with letspod to 
the footpaths of Westminster Bridge, but the tiles have since been replaced by asphalte. 

Ill Fig. 568 is represented the cross section of the roadway of a bridge erected over theMedway, 
at the town of Rochester, which is in every sense a street bridge. The principals or main girders 
G 6 are composed of cast-iron ribs, spaced as in the figure. These are connected together by cast- 
iron cross girders G 0, which are in separate lengths, each pair of lengths being bolted together 
by wrought-izon bolts at their junction over ea(3i main ginler. The roadway is paved with sets 
of granite. 

As a material for roadways, the Guernsey granite is preferable to the Aberdeeii, as it does 
not disintegrate so fast. It is not quite so hard, and therefore does not wear with the same 
rapidity. The footpath in the bridge. Fig. 568, is paved with flags 6 in. in thickness. These 
flags are laid upon a couple of stone bearers 12 in. and 14 in. respectively in thicknesa. There 
is thus a fall of 2 in. in the footpath in the width of 8 ft. to allow the water to run off into 
the side channels. It is to be noticed that in Westminster Bridge the footpaths do not drain into 
the side channels of the roadway, but into others provided for them next to the base of the parapet. 




669. 

Having already given sufficient examples of the method of constructing roadways OTer oast-iioii 

f:irders, we may now turn our attention to those which are carried upon girders of wrought iron. 
n Fig. 569 is represented a cross section of half the roadway of Lendal Bridge in the city 
of York. The main girders are shown at G G ; to them are bolted the wrought-iron gusset pieces 
or brackets B B, upon which rest the cross girders C G. These cross beams are small lattice 
girderii, and have tno greiit merit of posscsbing the features of strength and lightness combined. 
Upon the cross girders C G are placed the small wrought-iron roll(^ joists a a, and to the lower 
flange of these are bolted the corrugated iron plates P P. These plates eiitend the whole way 
acroHs the bridge, both under the roadway and footpaths. Those under the roadway are I in. in 
thickness, and those under the footpaths \ in. A greater degree of strength is obtained by the use 
of corrugated iron plates lieyond that afforded by mere dieet iron. There are, however, two other 
methods of obtaining a similar, and even a greater, amount of strength. One is by bending the 
plates into the form of an arch, the other metliod is to employ buckle plates^ which, com- 
paratively speaking, pobscss enormous strength, and which have been used in some very laigo 
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inpeniraetareB of bridges, tho new Blackfriars Bridge, for example. Their great strength is due 
to their peculiar shape, which is that of a dome. The carriage or roadway B U in Fig. 569 is com- 
poeed of several layers of materiaL In the first place, a layer of concrete consisting of cork and 
pitnmen, 3 in. in thickness, is placed immediately over the corrugated iron plates. The object of 
introducing this light substance between the wrought-iron girder and the rest of the road material, 
is to deaden the concussion of passing loads, and distribute them more evenly over the girders, 
but it is an unusual and unnecessary refinement. Over thia layer is placed another of ordinary 
cement concrete, composed of gravel and Portland cement, and upon this is laid the granite paving. 
The footpaths have layers of similarly composed concrete, and a paving of flags 3 in. in thickness. 
For a bridge constituted wholly of wrought-iron, this must be consider^ ratlier a heavy super- 
stmoture, in spite of the intermediate layer of cork concrete. Paving stones and York landings 
have considerably more wei&'ht than either wood or asphalto. If durability and efficiency can be 
obtained, the lighter the roaaway and footpaths of a bridge can be made, the more economical the 
Btrmeture. In a road bridge the superstructure constitutes a very important item in the total load 
which the bridge has to support In this point it differs from a railway bridge, in which the 
weight of the roadway itself is a mere trifle, compared with that of ttie loads which pass over it. 
In the London bridges, it will be seen, that even in the same type of bridge a different 
character of superstructure is adopted. 

In Fig. 570 is represented the cross section of one-half of the roadway of Lambeth Bridge, the 
main, or side, girders 6, which are supported directly by the chains, are built up of plates and 
angle irons in the ordinary manner. They belong to the old box form of girder, a form that is 
nearly obsolete. It was a good deal used in the early employment of wrought iron to the con- 
Bimction of girders. This fact was probably due to the laea that, owing to ite particular shape, 
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it was considerably stronger than any other form. This opinion has been since shown, experi- 
mentellv, to be erroneous. If it be compared with a plate girder, containing the same amount of 
material, it will be a little the stronger of the two, but the slight increase of strength is not by any 
means sufficient to compensate for Uie other disadvantages it possesses. The principal of these 
are increased difficulty in riveting together, and no facilities for future examination when once 
put together complete. In the instence under notice the box girder has internal dimensions of 
2 ft. 3 in. by 1 ft. 6 in. It is just possible that a boy might contrive to get inside to do any 
painting that might be required, and examine the int«ior generally, but anything like a proper 
examination is out of the question. 

The roadway in Fig. 570 is carried on the cross girders G 0, which are of (he plate type. 
These cross girders are riveted to the lower flanges of the main girders G, and constitute a 
strong cross brace between them, and very materially add to the stability of the whole bridge. 
They axe cambered so as to give the proper curve to the road shown by the thick line. The 
platform is composed of wrought-iron plates, riveted to longitudinal and transverse wrought- 
iron beams, so that the roadway forms a horizontal giKler of great strength to prevent lateral 
motion. The platform is suspended to the cable, not by vertical rods, but by rigid lattice sides 
riveted to the longitudinal beams of the platform. The lattice sides are intended to prevent 
the longitudinal undulation, which necessarily occurs in other suspension bridges supported only 
by vertical rods. It is further sought to check disturbance by attaching the cables to the 
stendards, and not as hitherto done to a saddle allowed to move freely on rollers. The stendards 
are constructed of wrought iron, and form an essential part of the design, acting in combina- 
tion with the lattice sides to produce lateral rigidity. The roadway is formed of wooden sete laid 
upon concrete, as shown in the cross-section. The footpaths are carried on cantilevers B, riveted 
to the main girders. 

A very different style of roadway is that laid over Chelsea Suspension Bridge, which is repre- 
sented in half cross section in Fig. 571. With the exception of the light concrote filling over the 
arched wrought-iron plates, the wnole of the roadway and footpaths are of wood. This description 
of superatructuro has been objected to on the score of being liable to take fire, but the risk of ite 

00 doing is very small in a bridge confined to road traffic. It is well known that during the great 
fire at Chicago, the wooden pavement was readUy inflamed, and railway bridges of timber nave 
been known to be ignited by the platform, which was also of that material, catohing fire from 
the hot ashes and cinders falling from the engine, but the danger becomes very remote in the 
instance of bridges devoted exclusively to the purposes of road street traffic. In ue cross-section 
in Kg. 571, the transverse or cross girders C, which support the roadway, are placed 8 ft. apart from 
centre to oentro, immediatelv under the suspension rods, and bear upon the bottom flange of the 
longitudinal girder G. They are 31 ft 10 in. in length, 2 ft. 2J in. depth at the centre, and 

1 fL 11. in. at the ends, where they are connected by a system of riveting with cantilevers B, 
7 ft. long, which practically form a continuation of them, and serve to support the overhanging 
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footpaths. The sectional area of the top and hottom flanges is 10 in., and the vertioal rib in | in. 
thick, stiffened with X ^^' ^h® small rt^way bearers between the transverse girders B aro 
from 3 ft 8 in. to 3 ft. 10 in. apart, 8 ft. long, and vary in depth from 1 ft. 5} in. to 1 ft 9^ in. to 
suit the cambered surface of the roadway. 




The several girders that support the roadway thus form a series of rectangular cells, which are 
covered with arched plates of wrought iron P, stiffened with angle iron. The haunches of the 
plates are filled in with a light concrete composed of cork and bitumen, and, previously to layinf 
the bitumen concrete, the plates and girders were coated with asphalte. The roadway is paved 
with oak blocks 6 in. by 3 m., by 4 in., bedded in bitumen, and furnished with trams T, of timber 
flush with the roadway, with wrought-iron strips bolted down on the top fc»r durability. The 
preference was given to the cork and bitumen concrete, as a bedding for the roadway blocks, on 
account of lightness compared with ordinair concrete. Moreover, concrete in such a position, 
and in so thin a layer, is liable to crack, and become in time pulverized, and is then no better than 
loose gravel, which is liable to be deranged by passing traffic, and very soon wears into ruts and 
inequalities. The footnaths are paved in the same manner as the roadway, onl^ the blocks are of 
smaller dimensions. This pavement rests on plankinff placed on joists J, runnmg longitudinally, 
and resting on the cantilevers. The available breadth of the whole carriage-way is 29 ft, and 
footpaths 14 ft. 4 in. 

Fig. 572 represents a cross section of half of the roadway of the Albert Bridge, at Chelsea. 
With the exception of the t'des which fbrm the surface of the footpaths, the roadway is in 
every sense a timber one. As there are some peculiarities in tlie manner in which the dif- 
ferent layers constituting the whole depth of the platform are arranged, we will deerribe them 
in detail. The side or main girders, a portion of one of which, M, is shown in the figure, 
are of the usual plate or solid type, and are made up of horizontal top and bottom flange- 
plates and angle irons which connect ihem with the vertical side or web of the girder. There 
is one peculiarity to be remarked in these main g^irders which is not to be met with in 
any similar structure. They are placed not in a vertical position, but with a cant, as in 
Fig. 572, and are retained at the proper angle by the cross girders, which are riveted to them. 
At intervals the main girders are earned by the suspension chains, to which they are connected by 
pins passing through the web, the Junction being strengthened by circular wrought-iron gurnet 
pieces and cast-iron bosses. This additional strength at me points in the main girders, at which 
the connection with the chains is made, is rendered indispensable by the severe shearing stnhi 
brought upon the web of the main girders. Theoretically, the total load on the bridge, including 
its own weight, is divided into as many parts as there are points of connection between tlie main 
girders and the chains. The separate weights, or the relative amount of the different subdivided 




loads, vary with the distances between the intervals of support, that is, with the distances between 
the successive pins. Another distinguishing characteristic of this bridge is, that the footpaths are 
placed inside the towers or pillars, and not outside, as in the case of the Chelsea Suspension l^idge 
and others. 

The cross girders G are of the same form of construction as the girders M, and are stiffened 
verticallv by \ and angle iron stiffening pieces. F F. The cross girders are riveted at each 
end to the main girders, and are also connected through the medium of their top flange. The 
stiffening vertical angle-iron D, of the main girder M, is bent or cranked while hot* and ona 
end of it riveted to the top flange of the cross girders. The advantage of this additional 
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eoDiiectioii between the eroes and the main girders is, that the strain upon the latter is not 
confined to a mere portion of the web and lower flange of the main girder, but is distributed 
well over the whole cross section of it The cross girders ate, moreover, connected together 
by horizontal diagonal cross bracing of plate and angle iron, so that the whole combination 
fonns an iron gridiron of great strength, aurability, and lightness. It is to be noticed that the 
depth of the cross eirders is not uniform, but is greater in the centre than at the ends. It 
is by this varying aepth in the croes girders that the rise and proper curve are given to the 
roadway. A more usual plan is to accomplish this by making a difference in the thickness of the 
road erost or surface, and maintain the cross girders uniform in depth. The former plan is 
preferable. In the first place, if the latter be adopted, the thickness of the roadway itself must 
either be in excess at the centre or the reverse towardti the sides. It is a mistake to imagine, as is 
frequently done, that the greatest amount of wear and tear upon a road takes place at or near the 
crown. Upon the oontruy, experience has proved, especially where the traffic is considerable, 
that a part of the road oocupvin^ an intermediate position, between somewhere near the centre and 
the sides is the most severely tried. The most economical plan to adhere to, with regard to the 
proper formation of the contours of the roRdway of a bridge, is manifestly to maintain the thickness 
of the road material itself uniform, and obtain the proper curve by varving the depth of the cross 
girders, road bearers, or whatever may immediately support the roadway, whether it be arched 
plates, corrugated iron, or other description of iron platform. 

Fusing on to the roadway, it will be seen on referring to Fig. 572 that a plank E, 3 in. 
in thickness, is bolted down, with bolts f in. in diameter, to uie cross girders. Upon these planks 
•re laid the half balks H, 12 in. by 6 in., placed one inch apart. These extend over the 
whole platform of the bridge, and are coverea by a complete aecking of 1-in. planks nailed 
down to them, which constitutes an espeoiul feature of this bridge. Upon this decking the 
wooden sets of the roadway are spiked. The sets are 9 in. by 4 in., and are of two kinds, duuhle 
and single. The double are laid every fourth row, and are the only ones which are spiked 
down. This spiking down is more than sufficient to keep the rows of single sets firmly in their 
places. A layer of asphalte completes the formation of the roadway, and serves to bind all the 
timber crust well together. The footpath is supported by two balks, one, N, placed under the 
gutter L, and the other, P, dose to the main girder. The gutter is of oast iron, of a simple angle 
shape, and acts both as a gutter for the drainage of the road as well as for the footpath. The fall 
in the foo^wth is obtained by making the two supporting balks of diffLrent depths, one, N, which 
ourriea the gutter, having a depth of 12 in., and the other, P, of 14 in. To these balks are 
spiked cross-bars, 3 in. in thickness, and nailed to them is a decking of 1-in. planks, laid with an 
interval of 1 in. between them. Upon the decking the tiles, 1^ in. in thickness, are placed, forming 
the surface of the footpaths. They are of a whiti^ih tint, with the exception of the rows nearest 
the main girders and the gutter respectively, which are of a bright-red colour. The whole of the 
timber is of the best MemeL The footpath, which offers the greatest security against unequal 
flubflidenee, and the oonsequent forming of pools in wet weather, is one which has the fewest 
joints. The greater the number of individual pieces, each of which can sink and become dis- 
turbed, independentiy of its neighbours, of which a footpath is composed, the greater the chance 
of its becoming uneven. In this respect, flags, although bad where improperly laid, are superior 
to tUea. 

Another example of the road and footway of a bridge is represented in Fig. 573. Upon the 
main girders A A are fixed buckled plates B B, which are riveted down on the four sides.^ This 
increases their strength as a platform to a maximum. Upon the buckled plates concrete is laid, 
▼arying in thickness to suit the fall in the road towards the gutters. The surface is formed of 



wooden sets, and the whole flushed up with a hiyer of tar and sand laid on hot. The con- 
struction of the footpath is very similar, with the exception that the surface is composed of 
asphalte. The curb and gutters are of stone. Cast iron may be used instead of stone in tHe 

^ The platforms of raUway bridges differ in some respects from those intended for ordinary road 
traffic One of the simplest examples is shown in Fig. 574, in which the span is sufficiently 
limited to aUow of the use of two small cast-iron girders G G. Plankmg 4 in. in thickness resU 
on the bottom flange of the girders, and the rails are spiked down to it. The cant is given to the 
rails br amaU wedge-shaped pieces of timber inserted between them and the planking. 1 his cant 
may bS given when orosTsleipers are employed, by adzing a piece out of the peepers. A some- 
what similar arrangement is shown in Fig. 576, with the exception that whole balks of tunber 
wuab Buuu« ««Mn|c«M««. ^ o 7 WwrfVr flcTAfl. Inniritudmal aleeoers are 




distribute tue eneot or a heavy moving i«»u iuu«7 wun*/— y -»-- — rHL"^ i.**^- „•«> 

'brSge, Tnd lightens, to some extent, thl? localstrains upon the cross g'^^ers J^ew hotter are, 
^m^tively speaking, often the most heavUy strained part of f "i^^f y ^'{^^ ^^^ 
will^ oeen thatthe rails rest immediately over the centre of the mam balks, mstead of being 
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carried aolelT by the pIuiUnK as in Fig. 574, The mila are mipported in the some nunner in 
Fig. 575, nhere imiill wrangbt-iron nlal« girden lire used instood of the balks. The girder* 
Bimply reat on a layer of felt, and are bolted tg the plimkiag by fang-boltB at diat&ncea of 3 ft. 

Wtight of Soadaay and Platfomu ; Woriinfi Load. — The waight a equate foot of the roadwaji 
of pQblio bridgea, il a very important Item in the total load tboy are designed to carry. Taking 
the reapective weights in order and obserTing tliat they do not include the oroas girden or any 
bracing, thev run aa follows : — 

For brick arches tamed either betireeo the lover flanges of eaat and wrought iron main 
girders, or tietween the cross girders, the average weigbt a aqnare foot will not be lea than 
2 cwt. When arched wrougbt-iron plates, bnokled plates, or oarmgated iron is used, the weight 
will be about 1} cwt. In these weights a aquare foot, aUowance has been made for metalling 
1 ft. in depth. If wooden seta or planking, as shown in Figs. 572 and 373, be used, the weight will 
bo correspondingly reduced, and may bo brongbt as low as ^ cwt. a sijunrL' foot. 
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The maTltnmn liyq loed whioh can oome npon any bridge, inleoded for ordinary road and 
pedeatriau trafflt?, may be taken at I cwt a square foot. The weight on many auspension bridgva 
of large span has been estimatf^ at 40 lb. a aouare foot, which Boebling from many oljserra- 
tions hat foand to be about the maximnm weigbt of a moTiog crowd of people. If the bri<lga 
is liable to lie subjected to heavy ooncentrated Irads, they must be provided for acoordingly. Snma 
of the modem city bridges of wrought iron have been ooiistruoted to carr7 heavy at^m rollera, 
and contain more materia than railway bridges of siioilar span. 

Timber Br'utya. — Bridges of timber, except for l«tnporary pnrpoaea, or upon a limited acalo, 
are nearly obeolete. Tliey are, liowever, voni useful in country districta where the span of 
the bridge id small, and the load to be carried cfimparatively light. A good strong, plain truss 
will then anawer all requlrementa, and if taken care of and painted at proper intervala. will 
last a oansiderable time. The Qrat cost is invariably much lees than that of a stone or iron briilgc 
We give in Figs. 577 to 5S1 the working drawing of a truss frequently used for carrying oouatij 




Uiia triias, obtain bIbo in the largcit examplE^s. and therefore a general deaoriplion of their actiiat 
uud the means of treating llioni will pirilain the subji'ct. In the drawing. Fig. 577, the diapmal 
Lara A A of the Irusa are not, theorelicnlly, rcqnireil, but arc introduced for the sake ot synimctry. 



BBIDGE. 



225 



The loading \a placed on the lower member, and the truss thus aots as a parapet or hand-rail. The 
whole stracture has a veiy noat and compact appearance. 

The span of the truss. Fig. 577, is 27 ft, and the clear width inside 12 ft., and the total depth 6 ft. 
The total load on each truss is assumed to be supported at four points, namely, the two abutments 
and the points W W, where the uprights or posts are connected to the lower member or chord D. A 
strap. Figs. 579, 580, 2 in. by i in. passes oyer the posts B B and the upper chord £ F, and is keyed 
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up tight under the lower chord or tie beam by a gib and 

cottar. The diagonal struts G G are fastened to the tie-beam 

by a bolt, but occasionally a strap is used instead. The different 

methods of connecting timber and iron in a bridge or roof will 

be founds under the heads of Gonstruction and Garpentry. 

Between the upper ends of the posts B B a straining piece F is 

fastened, and by bolting it to the upper member E, as sliown in 

Figs. 577, 580, it may be regarded as forming part of it, and the 

sectional area may be made available in calculating the strength 

of the bridge. The joists of a timber bridge require to be 

comparatively strong, for like the cross girders of railway 

bridges, they suffer more from the force of any suddenly 

applied weight than the principal girders or trusses. So lone 

as the planUng remains sound, it serves to distribute the load 

pretty unifonnly, but the planking is frequently lUlowed to 

get very much out of repair in all description of bridges, and 

the joists suffer proportionally. A layer of gravel or broken 

stone is usually spread over the planking of a timber bridge 

for two reasons ; one is to preserve the timber from the feet of the horses, and the other from the 

risk of ^le. The strength of joists and planking, of the quality ordinarily used fur this class of 

work, should be estimated upon the basis of the breaking weight of a bar 1 ft. span and 1 in. square, 

being 2*5 cwt applied at the centre. Thus the break&g weight for the 9 in. x 6 in. joists at the 




effective span of 12 ft. 6 in. would be ; — B. W. = 2*5 cwt. X 



(9 in.)« X 6 in. 



= 97 cwt. at the 



12-5 ft. 
centre or 194 cwt. distributed. 

Strains upon Drusses. — ^In estimating the strength of truss or girder work, it is necessary to dis- 
ting^nish strxits from ties. Struts are members that are compressed, and ties members that are in 
tension. What members are in tension and what are compressed, may be determined by drawing 
the line from the point on which the straining force is exerted, in the direction it would take if 
the members were removed. If this line is incident within the nngle formed by the pieces and 
the strain, then both pieces are in compression ; when the line falls within the angle formed by 
producing the direction of the sustaining members, then both members are in tension. The 
following method is more general, and includes the foregoing case. Gonstruct the parallelogram, 
taking the direction of the straining force as the diagonal. The sides of the parallelogram 
being parallel to the sustaining force, £raw the other diagonal of the parallelogram, and parallel to 
it draw the line through the 

point where the directions of ^^^' 

the forces meet. Consider to- ^ 

wards which side of this line 
the straining force would move 
if left free, all supports on that 
side will be in compression, 
and all those on the other side 
in tension. At page 2818 of 
this Dictionary more special 
cases are considered. The dia- 
gram in Fig. 582 represents the actual working parts of the truss exactly similar to that, 
in Fig. 577. The thicK lines represent the parts in compression, and the thin those in tension. 
The annexed Table 11. gives the strains upon the different bars for one half of the truss. 
The truss has a clear span of 40 ft., a depth of 5 ft., and the total load which is placed upon 
the lower chord is equal to 21 tons. The distribution of this load will be as follows ; — At the 

Q 
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points D and D> there will be 7 tons, and 3*5 tons will be sopposed to rest directly vpoo the 
abutments. The weight of 7 tons at D will be borne bv the vertical tie D B, whence it will be con- 
yeyed by B A to the abutment A, and a due proportion by the other members to A>. The respectiTe 
strains will be as follows; — ^Let L = span of truss, x = distance of D firum the nearest abut- 
ment, W = total weight, and R R, s the separate portions of the weight. Then B + R| = W, 

B = . and Rj = — = — . From which B = 4*66 tons andB, = 2-33 tons. The first of 

Li Li 

these will produce compressive strains in the upper flange BG\ and in the diagonal B A^ and 
tensile strams in the vertical B D, and in the parts of the lower flange A D and D G. Similarly, 
the latter portion of the weight will compress the parts B D\ B> GS and B' A^ and stretch CVK 
D^ BK A similar action arises from the weight of 7 tons situated at D', and the sum of the two 
gives the total strain upon the various members of the truss. These strains are tabulated in 
Table n. 

Table n. 



Weight at 


Ban. 


▲ B. 


AD. 


BC«. 


BD1. 


BD. 


DC. 


DBi. 


» 1 

D» .. .. 


+13-40 
+ 6-70 


-12-60 
- 6-30 


+12-60 
+ 6-30 


+6-70 

• • 


-7 
-'2-3 


-12-60 
-1*2-60 


• • 
+6-70 




+20- 10 


-18-90 


+18-90 


+6-70 


-9-3 


-25-20 


+6-70 



w 



The strain upon the bar A B may be checked by calculation. It is known to be equal to —. — - * 

B D 

To find 0, or the angle B A D, we have tang. = yyv ^^ ^^* ^^S- ^ = ^^S- 5 - log. 13-333 + 10. 

Solving, log. tang. = 9-574021, and = 20^ 33". Gonsequently the strain upon AB = 



Bin. tf 



= =19-94 tons, which is a sufficient approximation to the result obtained by the geo- 

metrical process. The dotted lines represent the hand-rail, which has nothing to do with the tmas, 
theoretically considered. If B D or B* D^ were made struts instead of ties, and the load placed 
upon the top, tlien the diagonals B D' and B* D would be in tension instead of compression. 
Moreover, if the dotted lines D F and D' F* were ties under the same circumstances, so that the 
force of the truss was represented by F, FS D\ D, then, with a load only at B, there would be no 
strain upon the diagonal B D^ But if there be a load of 7 tons upon B and B\ and the stndiia 
be worked out for the truss represented by F, F\ D\ D, they will be found to be equal in amount 
to those already obtained for the truss ABB' AS although of an opposite character for the 
corresponding bars. The strains upon the fianges will be the same, both in amount and character, 
and they will be a maximum in all cases when the truss is unifonnly loaded. The maximum strain 
that the truss will undergo will depend upon the position of the load, both with respect to the 
fianges and the distance from the abutments. In Fig. 582, if the load were placed upon the top 
member, that is, upon B and B', and both B, D, and B*, D* were ties, then either would undergo 
its maximum strain when it was itself free from load, and the other apex loaded. If the load 
were placed on the lower member under similar circumstances, then the maximum strain woald 
take place when both apices were loaded. Supposing B, D, and B*. D* to be struts, the oonditiona 
of the maximum strains are exactly reversed under the same methods of loading. It would not 
make any material difference in a span so small as 40 ft, so far as the strains are concerned, 
which form of truss was employed, but there might be a slight gain by making the ban B D 
and B* D' struts instead of ties. In that case, the truss would take the ^pe of F F\ D* D, and 
all the diagonals would be ties. The truss in Fig. 582 is suitable for either a uniformly distribated 
or a moving load, as the diagonals intersecting each other at the centre of the truss are counter- 
braced, and can act either as struts or ties as tiie position of the load may demand. The strains ia 
Table II. are those upon one half of the truss, resulting from the combined action of the two 
weights situated at the pointe D and D*. The strains upon the other half are precisely similar, 
but the action of the weights will be reversed. 

The strains upon the other bars in the truss in Fig. 582 may be easily calculated. The strain 
upon each of the central braoes B D', B* D, will be equal to the vertical component of their load, 
multiplied by the cosecant of their angle of inclination to the horizontal. 

Timber is but little used in England for bridges of any importance, but they are still bnilt in 
countries where it is abundant, and where other circumstances render the employment of metal 
inexpedient. American timber bridges do not last in good condition more than twelve or fifU«Q 
years, the wood being generally unseasoned, and shrinking much after being framed. When 
covered in to protect tnem from the wearier and well cared ror, any shrinkage of the braces bein|r 
immediately remedied, it is said that these bridges will remain in good condition double the usum 
time, or about twenty-five years. Some English and continental bridges of timber have, however, 
lusted much longer than this. In any case they are liable to fire m warm weather, and whea 
used for railway communication. If employed, the timber should be of excellent Quality, 
seasoned, and protected by chemical treatment. 
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ITjHi iSSbnoui jin Ihaber Bridg«9.^The unit stimiii, or eafe working load, which may be put upon 

«aeh equaie inch of timber, as determiiMd from a large number of timber bridges constructed in the 

United States, for the different members oC the bri<%e is as follows. Unit strain in upper chorda 

in oompression = 797 lb. an inch of nett seotioDal srea ; in stmts or braces also under a oompressiye 

atiain = 743 lb. ; in lower diords in tension == 955 lb. The compressiye strain should be less if 

the ratio of length to thickness be greater than fifteen to one, and in England it would be 

difficult to find a timber bridge in which the strains are greater than one-half those stated, or say 

from three to four owt. a square inch. K BfUcer's rule for timber struts with a factor of safety of 

8500 
fiye is ; — ^Working load in cwts. a square inch = ^rjj — -5 when r is the ratio of length to least 

thickneas. 

Iron Bridaes, — In all instances where strength and durability are considered to be of greater 
importance than mere first cost, bridges of either cast iron, wrought iron, or steel, are the modem 
representatiTes of this description of engineering work. Of these three materials cast iron having 
been first employed for bridges, we shall commence with it, and shall give, in addition to the theory 
of the subject, a few examples of existing bridges and Orders, which serve to carry roads and 
nilways. 

OoMt-irom Arches, — Oast-iron arches were prior to east-iron girders. Southwark Bridge, with its 
eentral spaa of 260 ft., and side spans of 240 ft., still affords, in one sense, an almost unrivalled 
specimen of a cast-iron arch. The distribution of material in it is not, however, such as to recom- 
mend it for selection for future imitation, since the arch ribs are little else than fiat edge plates 
instead of being of a girder section. 

The theoretical part of the subject applies equally well to arched ribs of any elastic material, 
whether cast iron, wrought iron, or steel, and it will therefore not be necessary to recapitulate when 
we give practical examples of arched bridges of the two latter materials. 

Strains tipoa Arched Jiibs. — The general problem of the strength of arched ribs is one which, 
although it does not require for its solution the application of any very abstruse principles, 
sometimes involves very laborious and intricate calculations. For many practical purposes, 
however, it lb possible to obtain solutions of particular cases by simple prooesiies, and one of the 
means d simfMification is to suppose the arched rib to be jointed at the crown. 

In Fig. 583 let A D B be tne neutral line travereing the centres of all the cross sections of a 
half-rib of any shape, abutting at its base B against an abutment, and jointed at its summit A to 
the summit of the opposite half-rib. Let the half-rib A D G B have a vertical load distributed over 
it in anv manner. That vertical load will include that part of the load, if any, which is concentmted 
upon the end of the half-rib at A. 

Having found by the ordinary principles of statics, the resultant load on the half-rib, draw 
D E vertioallv downwards ^m the horizontal line A X, to represent that resultant load in position 
and magnitude. Draw the straight line D B, and through E draw the horizontal line E H, cutting 
D B in H. Then E H will represent 

the horiaontal thrust at every cross *^- ^ ^ 

section of the half-rib, and DH will 
represent the resultant thrust at B, 
which is exerted by the foot of the rib 
against its abutment, and also the equal 
and opposite resistance which is exerted 
by the abutinent against the rib. 

The load and its distribution having 
been ascertained, we can calculate the 
vertical shearing actions, and from the 
vertical sheering actions calculate the 
bending moments, which would be 
exerted at a series of points in the half- 
rib if it were a bracket projecting from 
a vertical wall BX. Then from the 
horizontal axis AX, lay off vertically 
downwards a series of ordinates proportional to those moments, and on such a scale that the 
moment at X sbaU be represented by the ordinate X B. The ordinate corresponding to a given 
moment may be found by dividing that moment by the horizontal thrust £ H ; and conversely the 
horizontal thrust may be found by dividing the greatest moment, being that at X, by the nse of 
the half-rib X B = A G. Through the lower ends of the ordinates draw the curve of moments A B. 
For a nnifonnly distributed load it is well known that the curve of moments is a common parebola ; 
that if there is no load concentrated at A, the vertex of the pambola is at A ; and that if there is 
such a load the parabola at A has a slope proportional to it 

Find the pair of points, G and K, at which the curve of moments and the neutral line are 
farthest apart in a vertical direction ; in other wordf, the pair of points in one vertical line where 
the tangents to those curves are parallel to each other. Then G will be the centre of that cross 
section of the rib at which the actual biding moment is greatest, and the greatest bending moment 
will be expressed by G K, H E ; that is, it will be equivalent to the horizontal thrust acting with 
the leverage GK. The tendency of that bending moment will be to cmsh the inside edge 
and tear the outside edge of the rib. The bending moment on the rib at any other cross section, 
will be the product of the horizontal thrust into the height of the centre of that cro»s section, above 
the curve oimoments. If at any point the neutral line of the rib lies below tlie curve of moments, 
the bending moment at that point is reversed. 

In Fig. 584 let L H represent, in a side elevation of tlie rib, any given cross section, and N the 
neutral axis of that section. Draw N V vertically downwards, to represent the vertical shearing 

Q 2 
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action at that cross section upon tbe rib regarded as a bracket. Throogfa V draw Y H, reprasentiog 
the horizontal thrust of the rib. Join N H ; this will represent the reeoltant thrast at the crrMa 
section L Bi. From H let fall H P perpendicular to L Bi. Then P H will represent the amount 
of direct normal pressure at the cross section L M, which will be uniformly distributed, and will 
give rise to a compressiye stress, to be added to the compressive stress at L due to the bending 
action ; and N P will represent the actual shearing action upon the cross section L M, whidi in an 
arched rib will have to be resisted by the diagoniuf bracing. 

At the section of the greatest bending moment C in Fig. 588 the resultant thrust is altogether 
normal, and the shearing action N P vanishes. The greatest shearing action in most cases which 
occurs in practice is that exert«d at B, and throughout the vertical p^ of the rib, and it is equal 
to the horizontal thrust H ; but there are some cases in which the shearing action may be greater. 

The following are the results of the application of the preceding principlee to a semicircular rib. 
Fig. 585, under a uniformly distributed load. Let the nse G A = a and half the roan G B = 6. 
Let A denote the load that is concentrated at A ; ir, the load a unit of span on tne remainder 
of the half-rib ; x, the horizontal distanoe of any point from the vertical plane A G. Let r be the 
radius of the neutral line A B. Then the vertical load atBisy*=tor = tox DE; the greatest 
bending moment is exerted at 0, 60° from A, and tends to break the rib there, as shown in Fig. 586 ; 
being the same with the bending moment exerted by the same uniformly distributed load on a 
beam of half the span of the rib. 
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Tho normal pressure at C is P = 2 H = ir r. 

If the load, instead of being w pounds on each foot of span, is tr pounds on each foot of cirrniii- 
fcrence of the neutral line A B, both the position of the point of greatest bending moment, and th« 
amount of that moment, are very nearly tne same as in the previous case ; for the arc A C subtends 
about 62}° ; and the greatest bending moment is— 

M' = 0124irr,; 

but the other quantities are different, being as follows ; — 

V, = 1*57 wr; H = 0*57 wr; P = l'23wr. 

The case of a horse flioe rib, in which each half-rib consists of a quadrant of the radius r = O A, 
and a vertical leg of the height G O, fonuing with the quadrant a rigid rib of the total ri»« 
A *G = a is represented in Figs. 587 and 588. The load being uniformly di»tiibutcd over the fi}«n 

at the rate of w pounds on each foot, draw the horizontal line A D = - ; draw the vertical line D £ 

meeting the horizontal radius in E ; and join D B, cutting the same radius in H. Then 

D E represents the resultant load on the hulf-rib, E H the horizontal thrust, and D H the resultant 

r* () A* 
thrust at B. To find the point of greatest bending moment, take O F = — = «- .-p » and through 

F draw the horizontal line F C. Tho greatest bending moment is M' = -^ V" ^a) '*^^ verticaJ 

tri« 
ItMid at B is y , = V7 r as before ; tho horizontal thrust is H = E H = r^- , and the normal pressure 

za 

at C is P = w r. 

To adapt the croes section of a rib to the bending moment M' combined with the normal prcasure 

P, let h be intended depth of the rib ; m' h the part of that depth which lies between tl e neutral 

axis and the compressed o<lgc ; g the ratio which the »c]uare of the radius of gyration of the cross 

section bears to the product m' h' ; and / the greatest intensity of the working stress ; then the 

required sectional area u 



^-H'-f:)- 



f 

all dimensions being expressed in tho same units. 

To find the intensity of the tension /, at the stretched edge of the cross section of greate*t 
In nding moment, let m'^ h be the part of tlie depth of the rib which lies between the neutral axis 
and that edge ; then 






all dimensions, ss before, bring expressed in the same units. 

in a semi-elliptic rib ttpriuging from the ends of its horizontal axis and jointed at the crown, the 
prineiplc of the transformation of structures shows, that the horizonial thrust is to the hori* 
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sontal thrust of a aemloiiealar rib of equal span, under an equal load similarly distributed over the 
Bpasu as the radius of the circle is to tlte rise, or vertical semi-azis, of the ellipse ; and hj the aid 
of this principle, all the strainiiig actions on a semi-elliptieal rib may be deduced from uiose on a 
semicircular rib. The following are the resultant rules, in alsebraioBd symbols, when the load is 
unifonnly distributed over the span. Let to be the load on each unit of span, 6 the half-span, and 

c the rise ; then the vertical load at the springing is Y , = w 6 ; the horizontal thrust Ib H = jr— ; 

the greatest bending moment is exerted at a cross section the vertical height of whose centre above 

the springing is equal to --j half the rise of the rib ; and that moment is 

He w6* 
*^ - 4 8 • 

The normal pressore at that cross section is 

In a horse-shoe rib, formed of a semi-elliptic sre with straight vertical legs, jointed at the crown 

and loaded uniformly over the span, let a be the total rise, so that a — c is the length of a leg. 

Then we have vertioed load at B, Y , = v 6, as before ; height of the point of greatest bending 

c* 10 6* 

moment above the horiaontal axis of the ellipse, tt- ; horisontal thrust, H = r^^ ; greatest bending 

2a 2a 

to6'/ c \» 
moment, If = -^ I ^ ~ o~ ) • i^o^™^ pressure at the cross section of greatest bending moment, 



p = v{H-^y,.(.-.4)}=Vv/{^-S 



I 



X, 



It is to be remembered that the preceding principles apply only to those cases in which the rib 
depends for its reaLttanoe to bending on its own stiffness alone, and not on the additional stiffening 
effect of bracing in the spandrils, or of abutting pressure transmitted through the spandrils ; for 
the effect of sum bracing and pressure may be, to make the real neutral line of the combined rib 
and spandril assume, a form quite different from 

that of the rib itself: so that, for example, a M9. 

rib with a semicircular or semi-elliptic intrados 
may become merely a parabolic rib in disgnise. 

When the load upon an arched rib jointed at 1 i 

the crown is unsymmetrically distributed, the ^ Z ^ 

pressures may be ascertained as follows; — In ' 

Fig. 589, let A be the crown of the rib, and let 

the horizontal line X, X, = 2 6, which is bisected 

in A, represent the span. Let R represent 

the resultant load, whicli, if the distribution were symmetrical, would coincide with A, and let 

the detiition A B be denoted by x\ Tlien let Yi and Y, be the vertical pressures exerted ut tho 

spring^ing joints which aro below X| and X, respectively ; then 

b — x' b + x' 

Let W, and W, be the two parts of the actual load, which direotly rest upon the two halves of the 
span A Xj and A X, respectively ; and make 

Yi - W, = W, - Y, = Q. 

Then the load upon tho half-span A X| , namely Yj = W. + Q, is to be treated as made up of Uie load 
Wj which directly rests on that half-span, combined witn an additional load Q concentrated at A s 
the load upon the half-span A X,, namely Y, = W, - Q, is to be treated as made up of the load W. 
which directly rests on the half-span, combined with a negative or upward load — Q concentrated 
at A : and the state of strain on each half-rib is to be determined from those data, according to tho 
method already described. 

Practical Mules for Arched Ribs, 

A = sectional area in sq. in. at the springing 
A» = „ „ centre 

A* = „ „ haunch 

Then for round-ended arched ribs, A = - . 



d 4a 



For 8qtiaie-«nded itrched ribs. 
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Here t = tons a square inch on tho metal : W = total distributod lo:&d in tons ; w = ratio of 
total load to rolling load ; r = ratio of span to rise of arch ; 

d 3 (f 8 « 






and the valae of x, In England, = 1*62 for cast iron, 2*75 for wrought iron, and 8*44 for steel : 
and in oountries, such as America, where there are great extremes of temperature, about two and 
a half times these amounts. 

The strain t^ in tons a square inch, may in ordinary oases be taken at 8 tons for cast iron, 
4 tons for wrought iron, and 7 tons for steel. In several existing bridges, however, the actual 
strain is at least two-thirds greater. When the web constitutes an appreciable proportion of the 
whole cross section, as is the case with cast-iron arches, the effective area of. web should be takea 
less than the actual area in the proportion of to — 1 to to. 

It is just a century since the first cast-iron arched bridge was erected. It was built acitMa the 
Severn, near Ooalbrookdale, Shropshire, in a single semicircular aroh of 100 ft. diameter. Thia 
first experiment with the new material was not a perfect success. The semicircular form waa ill 
adapted for such a structure ; and there does not seem to have been suflScient allowance made for 
the difference between a solid and an open spandril. The result was a partial fracture of the arch« 
The next cast-iron bridge was built across the Wear, at Wearmouth, near Sunderland, in 1796. 
This time the form was segmental, the span of the aroh being 236 ft. and the rise 34 ft. About 
the same date there was one erected by Telford, near Shrewsbury, the chord of the ardi 
in this case being 130 ft. and the rise 14 ft. Telford seems to have been so fully oonvinoed d 
the fitness of cast iron for bridges of large span, that a few years later, in 1800, he and Douglas 
prepared plans for replacing old London Bridge by a single arch of 600 ft. span. Their de^ga 
was submitted to a committee of the House of Commons, then considering the question of rebuild- 
ing the bridge. The committee took the opinion of those best qualified to judge of the feasibility 
of the design ; and, although it appears that those consulted differed widely as to the nature of ihie 
strains in tho proposed arch, they were unanimous in considering the construction of a cast-izoa 
arch of 600 ft span as perfectly practicable. It was ultimately decided to build a stone bridge, bat 
the reasons which lead to this decision, do not seem to have been due to any misgivings as to the 
power of carrying to a successful issue a project of so novel and bold a character. 

From this time, the beginning of the present century, cast-iron arches increased in genoal 
favour, many of them being built in different parts of the country ; and when the best means of 
carrying the Chester and Holyhead Railway over the Menai Straits oame to be considered, one of 
the proposals was a cast-iron arch of 450 ft. span. Whatever advantages may be cr 
for girders, and they are doubtless many and great, yet it must be allowed that when oonside) 
of l^uty form an element in the design, the girder must g^ve place to the aroh. 

The ribs of which arches are composed are generally oast in several pieces, which have their 
carefully planed, so that those which are in contact may fit accurately when the rib is in 
They are then bolted together through flanges cast on the end of each segment The oonsequeooe 
of securing the segments together in this way is that the rib is capable of resisting tension as well 
as compression, differing in this respect from voussoir arches, wnioh can onlv be relied upon to 
-resist compression, as the adhesion of mortar, or even cement, is considered too feeble or too 
uncertain to warrant its being taken into account, as capable of resLsting forces which tend to 
open the joints of the masonry. The commonest form of rib is the segment of a circle, with a rise 
of about one-tenth the span, the section of the rib being the I, the depth of wludi increasea 
slightly from the crown to the springing. Bibs of this form are desired of sufBcient strength to 
bear the whole load, the only estimated function of the spandril bemg that of transmittiAR tiM 
load from the roadway to the rib. In cases, however, where the span is so small that the rib can 
be cast in one or two pieces, it is usual to make the top flange horizontal, and to cast the qiaodril 
in the same piece with the flanges. That is, the web of the rib forms the spandril, which is ooq* 
sequently taken into account in estimating the section required for a g^ven load. 

For some additional information with reference to the strains upon arched riba and the 
analogy between the central strain upon an aroh and a girder, see the article on Boofs in this 
Supplement. 

Ciist-iron Arch Bridges over the Severn, — Figs. 590 to 603, two railway bridges which rroai 
the Severn, the one at Arclcy, near Bewdley, the other on the Coalbrookdale line, which is a rikori 
branch of the Severn Valley. The first-named work was completed in 1861, and is known as the 
Yicioria Bridge; and the latter, opened in October, 1864, was named the Albert Edwaid Brid|cew 
They were designed by John Fowler, and are of identical dimensions^ and although not quite the 
largest arches ever constructed, they are the largest oast-iron arohed spans yet erected for oanyin^ 
railway traffic. A description of one will suffice for both. 

With a span of 200 ft. in the clear, and a width of 27 ft 6 in., tho Albert Kdwaid Bridjge 
stretches from abutment to abutment, giving a headway from the surface of. the water to the 
side of the main ribs of 40 ft. The rise of the arch in the centre is 20 ft, or one-tenth of the 
and the depth of the curved ginier 4 ft. 

The strength and arrangement of the abutments will be ascertained from Figs. S90 to 
592, which are respectively longitudinal, horizontal, and transverse seotfons. The lbund*> 
tions are entirely surrounded with sheet piling, which encloses an area 66 ft long by 84 ft 9 in. 
wide and 19 ft 6 in. deep. This space is filled with 1650 cubic yards of concrete, and foraas 
the foundation on which the abutments are constructed. The level of the ^und is S fU 
above the surface of this mass of concrete, and 14 ft. below the springing of the mam riba, to whieh 
height the face of the abutment is built in solid brickwork 8 ft. thiok. The arrangement of the 
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moulded itooe oonrae beneath the springing and the akewbuk ie ahovn in Fig. 590, the briokwork 
behind the skevlwck being eet in oement, bonded with iron, ftod oonvenient Teoeuee ue left 
bcateAth for the teeeption of the holding-down bolts, vbicb lecure in their plttoee tbe out-iion ehoee 
in whioh teet the rounded ends of the nuln ribs. From the top or the akewbdck to formation lefel, 
tiie kbutmenl hM merely to retain the eerth contsiQed within the f»ce and wing walti, and the 
thiekneM ie gntdoilly deoreaBed from 8 ft to 2 ft. 7^ in. Tlie fooa of the abattnent is strengthened 



. _D. at formatioD level to 33 ft. at the foot 
„ - , B of horizontal arebee transfer tbe thmst from tbe face of 

the abutment to the wing wbUs. These latter have a tbioknees of 7 ft. 2 in. at tbe base, 
Ktadoallj decreasing, as the preaaure of the retained earth diminishes, to 2 ft. 7^ in. at formation 
Hfel, and thej are tied tt^tber with four 2^ in, diameter bolte. Ei- 
leroallj' tbe abutments present a srmmetrical though not highly 
ornamental appearance ; they are of briekworh, with stone moniiUngB 



nd parapets. 



f here ore fbnr mun ribs, R, B, Figs. G92 and 593, placed 4 R. 
11 in. and 6 ft. apart, so that the centres of the riln coincide with the 
position of the line of permanent way. The general construction of 
tbe main ribs is shown in Fig. S90, and in cross section. Fig. 593, 
u well as in detail. Figs. 598, 599, and 604. Tliey are 4 ft iu depth 
in tlie centre, increasing i« 4 ft. 9 in. at apringing, with a Cop and 
bottom flange 1 ft. 3^ in. wide, and 2 in. thick, which also is the 
strength of the web. Nine segments, each 22'81 ft. long, with the 
intndoe curbed to b radius of 260 ft., complete the rib. The con- 
«truotIon of tbe end segment is ebown in Figs. 598 and 599, where 
it will be seen to terminate with a rounded heel, curved with a isdius 
of 2 ft 5J in. and strengthened transrersely and longitudinally with 
ribs and fealhera. This ronnded end fits into a cnrved shoe, which 
i* held down to the abutment by seven 2-in. bolts 6 ft. long. Tbe 
shoe is 8 ft, in breadth, corresponding to that of the main rib, which 
is widened ont as shown in the plan, and 6 ft. long over ila bed-plate, 
the thickness of metal aieragiag 2^ iu. Both shoe and heel of main 
rib were cast to as nearly a true fit as oould be obtained, and aflerwarde 
the Borfacee were faced, and ground one on the other, so that ettremo 

BccniBcy of contact was obtained. It is found, however, that the girders do not torn at all 
upon these joints, but rise and fall iu the centre with the variatioDs of temperature. 

HoriEonUl wionght-ijon girders 2 ft.- deep, and of section Fig. 596, test on the top of tbe 
spondril fllling, beaiing at one end, on the abutments, 22 ft. above tbe springing, aiid merging 
into tbe main ribs, at a point 18 ft. from the centre of the bridge. The upper and lower 
flaogea, however, are continued until they meet tbe oorreipondiDg girder on the other lido. TLete 



Stiffenen of the oonstrnotioi) Bbown aia placed 8 ft. apart, at the joints of the ireb-plate, irbich 
fti« mode good with \ io. covets 1 ft. wide b; I ft. 4 in. deep. Inlermediale T-'n>i> Btiffenus ue 
also plBoed at intervals of 8 fU The cover plates of the battom flange are placed on the inside of 
the girder, bo tliat the web has to be Dotohed, and the angle Irons cranked, to BOODminodalB the 
*extra thicknesa. This ie done to preserve a perfectly flush Bnrface on the under aide, and all riveta 
have conntoranok heads for the saioe purpoeo, 

Tbo apaoea between the acder side of tlie horizontal gitdera and the main ribs are filled in with 
oeelriron atandarda, ua ehowQ in Fig. 590, and in details. Figs. 597 and 604. The staDdaids are 
placed i ft. Bpej't, from centre to oentro ; thejr have a oruoiform sectioQ, and vary in aize from 




12 in. X 6 in., 1} in. thick, to 9 in. 
the JoiDlB being mado with ]^ ii 
detail, Fig. 604. On the lower Bid 
placed 12 in. apart, and at top thi 
. apart, which alternate ' 



f the 



bolted thereto. The distance beti 
governed b; the length of tbo spi 
rolled beams. 4^ in. deep, ^ in. thi 
to bacfa, and riveted together, excel 
one web of the spondril standard, v 
which they Eire fastened by two 1^ 



X 6 in,, 1| In. thich. In each case thajarecasl in4-ft lengtha, 

diameter bolte midwa; between the standarda, aa ihown in 

they are secured to the main arch rib bj 1 in. diameter bolla, 

' are fasteoeil to the borizoiitul wroaght-iron girder bj f-in. 

ith the rivets io the bottom flange of the girder. Uorizuntal 

shown in Figs. 600 and 601, arc plaoBd botwmn the main ribs, and 

ween them' varies from 16 ft. 6 io. to 8 ft. 4 in., the space being 

ndril standard. These struts are formed from two clianDel-iron 

ok, and IJ io. wide across the top and bottom tablca, placed Imrk 

![it at the ends, where they are opened ont anfficiently to admit 

bile the ends are turned back to bear against the other web, to 

in. diumeter bolts. Fjg. 593 shows the method of vertioal cnwa- 




brsotDg between the main rib«, adopted for thia bridgre. It oonsl«ta of a wriea of oaat-bon itnita of 
the section shown, the top and bottom horizontal mcabers being circular, and 4 in. in diameter. 
Bud hollow to admit of the passage of a l; in. diameter bolt, which securee them to the Ukain rib*. 
Tliere are two sets of stmts to each segment, or eighteen altogether in the whole length. At the 
lop and bottom of tliese stmts, tie-rods, I] in, in diameter, extend diagonally from rib to ril\ 
forming a thorough system of horizontal bracing throughout the bridge. The spaodril itandanla 
are tied together vertically by diagonal bracing rods 2 in. wide by ■ in. thick, and horiiontaUy bj 
bars of the same scantling, whicli do not cross each other, but are turned round at a distance a 
little thort of the oontre of each bay. and are bolted together by 1} in. diameter bolts pawiing 
through iron distance pieces, which are suspended from the platform overhead, Figs. 594 and 595. 
The wrought-iron girders undernenth the roadway are also similarly braced, horiiontally and 
vertically, in cuch case with tie-rods 2^ in. by ) in. ; Btruta, formed of two X imu* 1| if- by 
Si in. by \\ in., are bolted horizontally to the bultom tlange of the girders, as well aa to the tCHj of 
the spondril filling, as shown in Fig. 597. 

It is to tbhi oompletc syBt4.'m ofbraciug throughout the structure that the bridge owe* it* lalenl 
BtifTbess. the width being so smalt as compared with tiie longUi, (bat the greatest care wb« 
necessary in designing this part of the work. Upon the roadway ginlcrs, balks of timber 13 in. 
•qoare, are laid and bolted to the top flange at frequent inlerrals. Into those longitodiiial Umbcia, 
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enm beams of eiinilar soantling and 4 ft. apart are tenoned in the method shown, Figs. 602 and 
G03, and opon them a close planked flooring, 3 in. thick, is spiked. The ballast which is laid 
over the platfonn to a depth of 9 in., is prevented from falling over the sides of the bridge by 
cast-iron facias 12 in. high, and panelled on the outside, which run the whole length of the bridge. 
On these fiausias the handrailing is secured. Short pipes, 3 in. in diameter and about 6 in. long, are 
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passed through the flooring, and carry off such drainage as may accumulate on the ballast. 

These pipes are placed in three rows, transversely, and at intervals of about 20 ft. Before 

erection, all the girders were tested, and each segment of the main ribs was proved separately on 

the concave as well as the 

convex side, a load of about *^ 

70 tons being applied to 

the centre of each without 

causing them to show any 

permanent set, and only a 

deflection of about 0*08 in. 

Some of these pieces, 
which were slightly defec- 
tive castings, were broken 
under a central load of 
430 tons. As before stated, 
the bridge, though always 
in motion from the influence 
of expansion or contraction, 
never turns in the least de- 
gree on the rounded heels 
at the springing of each rib, 
but rises and falls by virtue 
of its own elasticity. During 
the course of erection, the 
arched ribs have been known 
on a day to lift themselves 
clear of the scaffolding for 
a height of 1^ in. 

Tne following is a detailed description of the quantities and material employed ; — 

Concrete 8344 cubic yards 

Brickwork 2678 „ „ 

Stone for bed-plates, coping pieces, &c 1780 cubic feet 

Timber in sheet piling 1938 „ 

Greosoted flr in beams and flooring 8400 „ 

The total weight of cast iron 348 tons 
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Before the opening of the railway for public traffic, the bridge was tested with a moTing load 
on each pair of rails, oonsistiDg of an engine and tender weighing 45 tons. The greatest deflectioo 
was \ in. The comparatiyely great amount of material required in the abutment of an arch 
bridge will be apparent on referring to Fig. 590. 

605. 




Cast-iron Arch Bridge at Fork. — This bridge consists of a Tudor arch of cast iron, 175 ft. span, 
25 ft. rise, shown in Figs. 605 and 606, in half-elevation and longitudinal section, Figs. 609 to 618 
being of details. Fig. 607, a transverse section at the centre. Fig. 608, a transverse section of 
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bridge at 0.0, on internal rib. Fig. 617, section at h\ Fiff. 616, section at d. The spandrils are 
fitted with open Gothic tracery, the principal openings being charged with shields bearing the 
arms of the see of York. The interior spanarils are fitted with an iron plate, pierced to oorrs^nod 
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in pattern with the external Gothic spandrils. The parapet, Fig. 609, consists of qtiati^foil 
openings. The springing-line of the bridge is at the ordinary summer level of the river. The 
six longitudinal ribs arc entirely of cast iron, and are 3 ft. deep at the crown, increasing towaids 
the abutments. These ribs are stiffened by cross beams, varying in depth from 2 ft, 10 in. at the 
crown to 3 ft. 9 in. as they approach the abutments. A bed is cut in the brickwork for the 
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raceptlon of the akeirbacks ogkinit which the ribs abat, the ikewbockg resting upon granite elafai 
18 io. thick. 

A coving ot oorragated pUtoB reato upon the bottom Sange of rolled iioo joists, placed lond- 
tndinaUj upon the trangtene girderft. The eotragated plates for the mriage-wa; are | Id. thioK, 
and far tlie fbotwaf ^ in. tliiok. 




' '¥ ■ ■ ■ 

The carriage-way U formed of a layer of concrete 3 in. thick, oonsisting of oork and bitamen, 
placed immedUlely apon the comigHted plutos ; upon this is a layer ot conereta. formed of Portland 
eement and gravel : and apoa the latter Is plaoed the granite panng. The footpaths ounsist of a 
layer of eooeiete 6 in. thiok, oOTered with S.in. York paTing. 

The estimated quaatitiea for the bridge were ; — 




Instead of the eitremitiee of the cast-.__. 
ot that last deaoribad, they abnt against a 
latter flgnres being — " ' "" — J.^^-.- 




oecuis in the oompomid ribs of Weatmlnster 
Bridge. The increase in depth of the ribs 
of London Bridge, from the crown towards 
the apringings, is to be partlcnlarly notloed, 
as it ailds very much to the gracefuJ appear^ 
auce of the arch. The sections of the ribs 
•re given in Pigs. 610 to 613, which show 
also the short cast-iron girder which braces 
logctber the arched ribe trangTerBely to the 
interior flanges of which they are bolted. 

Bridge aver 1A« Zront at SoUiMhom.— 
This bridge. Figs. 619 to 629, wrs designed 
by H. O. Tarbottoii. In the violnity of 
Nottingham the volnrne of the river Trent 
is both large and inconstant. Tlie rainfall 
is quickly brought down from tlie higher 
dintricts Into the main river. The water. 
has been frequently observed (o rise at the 
old bridge as much ss S ft. within eight or 
ten hours afler the fall of half an liich of 

rain. The sarfaoe of low snmmer water at f ' f .1 , ' 

the Trent bridge is 65 ft. 8 in. above mean 

or half-tide level at Hull. Mean nummer water may be considered abont 1 
and Ibe mean yearly snnuner level is about 68 ft. 8 in. above mean tide. 

The snrCace of the road^ver the bridge is level from end to end, and : 
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ft. higher (1 
a abont 3 ft 



BBIDOE. 



237 



627. 



than the highest part of the formor bridge road, this being n^ssary in conBeqnence of the reqaire- 
ments of the navigatioD, and also by the rise of the large arches of the bridg^. 

The bridge crosaes the river at right angles to the mean course of the stream* the waterway being 
by three openings, each 100 ft span. On the north side is an opening, 10 ft. in width, for the 
hanlin^-path during floods, and on the south side are three flood arohes, 18 ft., 15 ft., and 12 ft. wide 
respectively. 

The foundations are carried into the rook, and the abutments and piers below the lowest water- 
mark, are of brickwork in cement. The exposed surfaces of the abutments and piers are of rook- 
fieboed Derbyshire grit, the ornamental parts being of red sandstone, magnesian limestone, and 
granite. The footpaths are of Yorkdhire landings, and bitumenized concrete and broken stone 
tor the carriage-road, and cast-iron gutters. The parapet is of cast iron, open and ornamental ; the 
recesses and seats over the piers are of stone. The capitals of the clustered columns of the piers 
are carved elaborately, and the spandrils of the outside ribs are filled in with geometric 
open work. The ornamental portions are gilded and painted in relief, so as to give effect to the 
body colour of the rest of the bridge, which is painted a quiet shade. The width of the bridge 
clear of the parapets is 40 ft., containing footpaths 8 ft. 6 in. wide, and a roadway capable of 
aooommodating three lines of carriages. 

This bridge has three spans, each of 100 ft. in the dear, making, with the stone arches 
of the approaches on either side, a total length of 700 ft., as in Fig. 619. The roadway of the 
bridge is level, and stands 27 ft. above the summer level of the river, with a clear width 
between the parapets of 40 ft. The carriage-way is 26 ft. wide, and there are two footpaths, 
each of 7 ft. The north, or Nottingham approach, has a gradient of 1 in 47, and the south 
approach 1 in 34. The material of 
the large main arches is cast iron, 
and each arch has eight ribs or 
girders R R, Fig. 620, 3 ft deep at 
the springing, and 2 ft. 6 in. aeep 
at the crown. Fig. 621, the mean 
section being of an | form, 2 ft. 
9 in. deep, with top and bottom 
flanges measuring 7 in. by 1^ in. 
and 9 in. by 2 in. respc-ctivelv, as 
in Fig. 624. The form of section 
of the face ribs and that of the or- 
dinary ribs is shown in Figs. 624 
and 625 ; and these ribs have bolted 
to them transverse wrought-iron 
girders, which carry the roadway 
platform; the latter is formed of 
wrought-iron curved plates and Mallett's buckled plates, riveted together with T and L i'on 
stifleners, shown in cross section in Figs. 622 and 629. Every arch has strong bracing frames. 
Fig. 623, to connect the several ribs together, and all the joints of the ironwork are planed true, 
and connected with iron pins or bolts, which «ere previously turned smooth in a lathe, and 
fitted into holes drilled, when fixed in place, through the ironwork. The face ribs. Figs. 619 and 
627, are of an ornamental character, and are moulded on the lower edges and on the upper lines 
of the arches. The spandrils are receiised and moulded, and contain medallions of cast iron, 
fitted within geometrical cuppings enclosed in moulded circles or tracery. The designs for the 
enrichments vary in each compartment, both in size and detail. Over the arohes and spandrils 
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an ornamental moulded cornice of cast iron runs from pier to pier. The whole is surmounted by the 
parapet Fig. 627, which is of geometric and continuous design, formed of cast-iron open work 
with pateras or flowers at the intersections of the curved lines. ' 

Tne carriage roadway of the bridge, Fig. 622, is formed, first, of a layer of bituminous concrete 
to protect the iron plates from oxidation ; then of a foundation of Portland cement concrete, and of 
a layer of Yal de levers aspiialte. The bridge is made strong enough to carry the veiy heaviest 
traific, as will be seen from the following description of the trial l(Mds ; — The calculated strain 
upon the ribs in the centre was 1*4 ton, when the bridge was loaded with a distributed weight of 
2 cwt. a square foot over the surface of the bridge. Then, taking the greatest moving load at 
2 cwt. a square foot, the gross weight of and upon each arch would be 850 tons. It is difficult 
to see how 2 cwt. of live load could be put on the bridge, except by treating each pair of ribs as 
a lino of railwav, and placing locomotive engines thereon. There would then be eight engines on 
each arch, equal to 400 tons = 2 cwt. a sqiiaro foot. In the test the surface was crowded witli 
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carts filled with gisnite, and pasBed alone at all speeds without sensible deflection or muoli 
vibration. The weight of the ironwork in the bridge is as under ;^- 

Cast iron — torn. 

Main inside ribs 254 

SpandriU for ditto 104 

Face ribs 160^ 

Ornaments in face ribs 5 

Cornice, coping, and parapet 112^ 

Bracing and other cast iron 60^ 

Wrought iron 173 




The above weights do not include the railing on the approaches or the lamp pillars. 

Cast-iron Flanged Qirders. — The form of g^der in almost universal use since the researches of 
Hodgkinson is the flanged type, Fig. 630, of which the girder used in the covered way of the 
Metropolitan Bailway, represented in section and part elevation Figs. 631, 682, is a spedmea. 
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One great practical inconvenience attaching to the use of cast-iron girders is the necessity of 
testing each girder in order to detect the existence of dangerous flaws. Tiie girders, Figs. 631, 
632, were tested in pairs by hydraulic pressure ; and with a stress equivalent to a load of 45 tons 

applied at the centre the average deflection was | in. By the ordinary formula B.W. = - t 

the breaking weight at the centre, with an estimated ultimate tensile resistance of 7 tons a sq. in., 
would be 

_.__. 4 ft X 2 ft. 6 in. X 7 tons X 42*5 sq. in. ,__. 

B.W. = jr^-j- — = 119 tons. 

25 It. 

The horizontal strain upon any point of a g^er, uniformly loaded with a distributed weight, 
will vary as the rectangle under the segments into which the point divides the span of the g^iraer, 
and oonseqnently the breadth of the bottom flange, if the girder be of uniform depth, or the depth of 
the girder, if the flange be of uniform width, must vary in this ptroportion to attain uniform strength. 
If the girder therefore be divided into segments and alone its whole length, the breadth at any 
one point should l>e to that at any other point as Uie product of the four diflerent segments, taken two 
by two. In Fig. 633 is represented a plan of a girder designed to carry a uniformly distributed 

S33. 



s€r...J, 




3col» 120 Tana tt> 7 IruJv 

load, the span being 50 ft. and the load 1 ton a running foot. At every 5 ft at the point« 
1, 2, 3, 4, and 5, the strains may be calculated from the rules given, and will be found to be 22*5, 
40, 52*5, 60, and 62*5 tons respectively. Upon any given scale, plot off these strains, or any sub- 
divisions of them, upon lines drawn perpendicular to the axis A B of the girder, through the 
points 1, 2, 3, &0. Join all the points r, thus determined, with a French curve, until the whole 
figure A C B C A is produced. If this figure is accurately drawn, it will be found to consist of 
two parabolas, demonstrating that the strain upon any point of the flanges of the girder, produced 
by a uniformly distributed load, varies as the ordinatea c^ a parabola. This is the true form of a 
bow and string girder, although in aotualpractice, an arc of a circle is always substituted for the 
more complicated parabolic outline. When the headway is very limited, cast-iron troughs aro 



BBIDOE. 



239 



Bot imfipeqiieDily used. Figs. 634, 685, ahow those used on the St. John's Wood Bailway, where a 
thicknen of 9 in. oidy was available fiom the nnder side of girder to the surface of the load. At a 
span of 16 ft the deflection of the 3 ft wide troughs was barely { in., under a load of 10 tons at the 
oentre. 
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Breaking Weight and Working Load cf Coat-iron Girders, — The Oommissioners appointed to 
inquire into the use of cast and wrought iron for railway purposes, considered one-sixth of the 
breaking weight scarcely a sufficient limit of safety for cast-iron girders, when liable to percussion 
and deflection from moving locds. This inference was, no doub^ influenced by their experiments 
on bars which were much lighter in proportion to their loads than are ordinary bridge girders. As 
a general rule, one-sixth of the breaking strain may be taken as the safe working strain, for cast-iron 
gij^ders which are liable to nbration ; out when the load is stationary and free from all vibration, 
one-fourth of the breaking strain is safe. When, however, cast-iron girders are liable to sudden 
severe shocks, as in crane-poets or machinery, their working strain should not exceed one-eighth of 
thdr breaking strain. 

The English Board of Trade has laid down the following rule for the guidance of engineers 
in the construction of railway bridges ; — ** In a cast-iron bridge the breaking weight of the girders 
should be not lees than three times the permanent load doe to the weight of the superstructure, 
added to six times the greatest moving load that can be brought upon it.** Notwithstanding 
this rule, engineers will do well not to design cast-iron girders for railway bridges of less strength 
than six times the total maiimnm load, that is, six times the permanent load added to six times the 
greatest moving load. The reader who desires detailed information respecting the practice of our 
most eminent engineers during the reign of cast iron, is referred to the evidence attached to the 
*^ Report of the Commissioners appointed to inquire into the application of iron to railway 
structures," in 1849. It seems certain that the transverse strength of thick, rectangular cast-iron 
ban is less tlian that of thin ones, but it does not necessarily follow that the strength of large 
flanged girders is diminished by the masslveness of the casting, or that they are relatively weaker 
than smaller girders of similar section ; for the qualihr of the iron will no doubt materially influence 
their strength. Experiments on a large scale can only decide these questions, which, however, have 
less importance now than in 1849, as it is very unlikely that large cast-iron girders will be employed 
in important works when wrought iron is available. Cast iron can be readily obtained to stand 
from 7^ to 9 tons a square inch in tension ; consequently, the rule of one-sixth allows an inch 
strain of from 1^ to 1^ ton, for the usual safe tensfle working strain in the lower flanges of cast- 
iron girders, but this material is quite unfitted for tie-bars. Cast iron will safely bear 6 or 
7 tons a square inch in compression, provided it is in a form to resist flexure ; but the effects 
of flexure will seriously diminish the as^ie unit strain for pillars or unbraced cast-iron arches, in 
which the line of pressure may vary so as to alter the calculated unit strain very materiallv. 
In practice, the safe workins; strain of cast-iron arches rarely exceeds 3 tons a square inch. 
For instance, the calculated working strain in the Severn Valley bridge is between 2^ and 
3 tons a square inch, while that of the centre aroh of Bouthwark Bridge is about 2 tons a 
square inch. The French ministerial limit of working strain for cast iron in tension is one kilo- 
gramme a square millimetre = 0'635 ton a square inch, and in compression five kilogrammes 
a square millimetre = 8*175 tons a square inch. The direct tensile strength of cast iron 
can be readily tested, but it is also usual to prove its transverse strength by breaking small 
rectangular bars made of the same metal, and at the same time as the principal castings. The 
fullowing teats are an example, and were applied in the case of the cast-iron sleepers provided for 
the Great Indian Peninsulur Railway ,• — , i. x a. j 

The mixture of metal to be such as would produce the strongest and toughest castmgs, and 
to be approved by the consulting engineer. The contractor to cast twice each day, from the same 
metal as that used in the sleepers, two duplicate bars 3 ft. 6 in. x 2 in. x 1 in., and two duplicate 
castings of the form shown on the contract drawing, and exactly 1 in. square for a length of l^in. 
in the middle. One of the bars to be tested on edge, on bearings 3 ft. apart, by placing weights on 
the oentre thereof; to ascertain its elasticity and breaking weight, and one of the two actings to be 
tested in a suitable machine, of approved construction, to ascertain the tensile strength of the iron. 

The company's inspector to reject all sleepers cast on any day when each of the bars does not 
bear 30 owt. placed on the centre without breaking, or when each bar does not deflect 0-29 of an 
inch before fruoture, and when each casting does not bear a tensioi^l strwn of Hi tons P«r Muare 
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plate 8 Id. thick, and weighing 2 tons, has been well oonsolidated to the satisfaetion of the con- 
Bulting engineer or his inspector; and whenever every sleeper bo tested does not bear theae blows, 
without cracking or sliowing other signs of failure, the day's make to be rejected. Immediately 
after every sleeper is cast, it must be protected in such a manner as to satisfy the company's 
engineer, and the process of cooling to proceed so slowly that its strength will not in any degree be 
diminished by too rapid or unequal cooling. 

Some engineers consider this proof rather high, and specify that test bars 2x1 in., placed 
edgeways on bearings 3 ft. apart, shall support a weight on the centre of 25 owt. It appears that 
sleepers can be obtained that will withstand blows better, without using so high a bar test It is 
a singular fact, that there is an excess of about 16 per cent, in Uie weight that a test bar 
2 in. X 1 in. will support, when cast on edge and proved as cast, over that which it will support 
with the under side as cast placed at the top when proved, and 8 per cent over the weight which 
the same test bar will support, if cast on its side or end and proved on edge. The practical 
deduction from this fieu^t is, tliat cast-iron girders should be cast with the tension flange downwards 
in. the sand. 

Wrought-iron Bridges, — ^We shall exclude from our category of wrought-izon bridges the 
tubular and the box types. The former is quite obsolete, and m fact presents but three examples. 
These are the Britannia Bridge over the Menai Straits, the Victoria Bridge over the St Lawrence 
at Montreal, and a similar structure of the same name over a river in Australia. The box girder 
is also out of date for large structures, and is used chiefly for supporting the walls of large ware- 
houses and stores. 

Wrought^iron Arches, — The theoretical rules laid down for the strains upon oast-iron arches 
apply to those of wrought iron or of any metal. We may therefore pass on to the practical 
examples of this description of bridge. Many engineers prefer the wrought-iron to the cast- 
iron arch, in instances in which the moving load greatly exceeds the dead weight of the structure, 
and is also of a very ooncussive character. 

Viciorta Bridge, Battersea, — This bridge, although in one sense a widening of an existing struc- 
ture, in reality constitutes a separate bridge, as the supports for the load are constructed upon distinct 
principles, and it rests on a difierent kind of foundation. The ironwork of the new bridge is uncon- 
nected with tiie old; but the masonry in the piers and abutmento is bonded together, and the 
facework of the old piers having been taken down is re-erected on the piers of the new bridge. 
The spans are identical with those in the old bridge, namely, tour arches of 175 ft over the water- 
way, besides one span of 70 ft. and one of 65 ft on either bank of the river. One arch is shown in 
Fig. 636. The rise of the arches is the same as in the other bridge, but in the new structure the 
horizontal girder, running the whole length from end to end, is deeper, and none of the rivets 
in the facework are countersunk. The two bridges together may, however, be considered as one 
railway bridge, the widest in the world, possessing as it does a total width of 182 ft. from parapet 
to parapet, and accommodating seven lines of railway, still leaving a width of 83 ft 6 in. available 
for platforms. 

636. 




Although resembling each other in ap()enrance, there is a radical difference in the principles 
upon which the old and new bridges have been constructed. In one an expansion joint existe in 
the horizontal girders over each of the piers ; in the other this girder is continuous throughout In 
the first case the rib is simply a wrought-iron arch ; in the latter it is to some extent the lower member 
of a continuous girder. In the old bridge the width of the piers at the foundations is considerably 
extended, probably to meet tiie eflcct of the unequal thrust on tiie arched ribs caused by pa&ing 
loads. In the new bridge the weight acte more vertically on 'the piers, which are founded upon 
cast-iron cylinders. These cylinders, of which there are four to eacli pier, are 21 ft. in diameter, 
\\ in. thick, filled with concrete up to the level of the river bed. and afove that with brickwork in 
cement to a little below low-water mark. At this level the masonry of the cvlinders is con- 
nected by arching, and is faced with Roche Portland stone, similar to that in the old bridge. The 
cylinders were sunk with great facility. 

The ribs R, Pig. 637, rest on cast-iron skewbaeks. Figs. 638 to 640, which pass entirely 
through the piers ; standards resting on the skewbaeks support the horizontal girder at top, as 
shown in Fig. 639, to which they are securely bolted. The whole bridge from end to end Wing 
one connected mass of ironwork, thoroughly braced horizontally and vertically, and the whole being 
riveted together at an average medium tempeniture, it is Chtimatetl that the extreme effect of 
change in the tempeniture would be, to put an initial strain of 4 tons a square inch, either of 
compression or tension, on the iron. This liability to unusually great strains from changes of 
temperature, together with the uncertainty generally us to the strains occurring on the ironwork, 
^^^l^^l *^« widened portion of the Victoria Bridge a type of construction essentially unscientific, 
and therefore to bo avoided ratlier thain imitated. The two land spans are formed of oontinnoiu 
girders, the shorter ends of each being anchoroil down, bv a vertical plate passing down t«> the 
sprmgmg of the uiljaceut rib. The cross girders are the Butteriey Company's 12-in. rolled beams, 
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tbaat 6 ft. aput, and tbe longitndioftl beAiets tnppcvlliig the nil ue 9-iii. be«in« of tbo ume 
numnfBotme. 

In the coDstrQation oF this bridee there hkve be«D uaed 8200 cubic yards of coacrete, 13,S00 
cnbio jazdM of brickwork, 90,000 cubio feet of mM0Di7. 760 toDH of cart iron, 8600 tnos of wrought 
iron, 284,000 cubic feet of timber in the temporary stasring, and 40,000 cubio feet of timber in tbe 
platfbniu. The bridge waa teited bir the GuTemmeut IiupeotoT, with eight of the heaviest of the 




London, Chatham, and Dover Company's engine!. The greatest deflection noted on the loaded rib 
was {of an inch; there was at the same time a ri«e of J of an inch on the oomeponding rib hi each 
of the a4iaoent spans. The deflection of tlie girder over the land »pau was i ^aa incli tmderthe 
same teat. At the time the older bridge nns built, the use of cast-iron cylJnderB in putting in sub- 
uqneouB foundationa was not so well understood, at least on the Thames, as it ia now ; and it will 
be seen that the projecting loe of tbe foundations of the piers of the old bridge was protected by 
sheet piling, which it was not ooneideied advisable to remove. This involved some difficulty, and 
it was finally decided to pot in the foundations for the new bridge aapeTfrotly distinct stmotiiiea, to 
be snbeequently bonded to tbe old work. Circular oaissooa, of the dimensions given above, were 
therefore pat in, and sunk as close as pcasible to the sheet piling. The mode of sinkizig these 
cylinden pooocoXB some novelty. Instraulof heaping kentledge on top, as ia usually done, plat- 
forms were oonitfucted and alung witbin tbe cylinders, and these were loaded as was neceasaiy. 
After the new pier had been carried up to a sufficient hetgbt, it whs connected with the old 
by masonry, protected by cast-iron aprons, in the place of an old and new pier, the aprons being so 
cat and painted as to resemble ashlar work. Hnch iDgennity has bemi diq>layed in work^ otit 
the details of this design. 

BlacAfnari Bridge. — This is one of the largest examples of tbe application of wrongbt-iron 
archea to public road bridges. Its spans are mnch larger than thoee of Woatminater Bridge^ 
which is in latX a oombination of cast and wrought iron, since the oentiBl portion of each rib is 
quite Qat, and composed of a wronght-iron girder, while the hannchea and springings are of caat 
iron. There are five arobes in Blad^friars Kidge, the longitadinal section of half the oenbal ardi 
having a span of 18S ft., as in Fig. 641. 

The spans of the openings are, in tbe side or abutment arches, ]S5 it.; In the two next, 
176 fL, and in the centre one 1S5 fL The versed sines or rises of the arches from spring- 
inga to soffits are in tbe side arches 11 ft. 7i in.; in the two intermediate arobes, 18 ft. 10^ in., 
and in the centre arch IS a 111'°' The soffit of the last is 25 A. above Trinity bigh-water mark, 
and the otbera in proportiiai. There are nine main rit« in each efob, placed at a diatanoe of 
9 ft. 64 in. from centre to oeutre and tied together with strong diagonal braoing, riveted to tliem 
longitudinally and transversely, as shown id Fig. 642. Across the arches, from rib to rib, are 
" ■ ' , and OD tbe lop of tbf , 

„ form a decking, or flocring, for the roadways a 

of tbe platOB vary considembly, and are as follows; — 
by 3 n. 6 in. by f in., J f t 9 in. by 8 ft. 6 in. by Ain.. 



pathways to rest npon. Tbe dimensit 

4 ft 5 in. by 8 ft 6 in. by J. in., 4 ft. 9 

5 ft. 6 m. by 8 a by .^ in., and 9 ft. 6 in. by 4 ft 9 



. by .ff in. The thinner plates a 
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under tbo pathwa;a, uid tbe thiober oiiea nndet the roodoa;, Figs. 642 Mid 643. Pig. 844 is a 

cross sectioD of the face girder, showitig the maimer in which the panpet and cirralar mouldings 
arc Sied. In the majoritj of instancei arched ribe, whether of wmugbt or out iron, are made ot 
nniform depth and uniform section. Thwretinilly, the arehed rib sboald be Blrongest at the 
springing, not, as is loo frequently assnmed, on account of tbe increased tbroit at that point, twton 



account of the increased bending moment due to ohsogeB of temperatnrB, rolling load, and othrr- 
wise. In nme iDEtaoces, such as the St. Louis bridge, to bo hereafter referred to, the arched rib 
is reinforced in section for a short distance from the sprineing. In othora the rib is pirotcd at tha 
springing, wherebjr of course the bendiog strosftcs are eliminatad, and the sectioti required at tb« 
springing is smaller than at an; other part of the rib. 

Plait Oirderi. — The single-web plate girder, previously to the introdoction and adoption of tha 
open-web or lattice type, was a favourite formof construction, and is still much nsed. When, how- 
ever, tlio span exceeds 7(1 (I., the open web nill in general be found the more econominU of 
the two. The strains upon the flangeB of plate girdi^ra can be calculated by the rules already 
giien for those iu cast iron. 

Strains upon the Wtb of Piatt Oirdm. — The strains upon the web oF a plate-girder arc tiana- 
fcrreil in a diagrmal direction, but for the purposes of calculation, they are assumed to oonaut 
simply of a vortical shearing strain, tending to shear tbo web right through. Two mieral 
cases will present tbemsplvos with respect to the Btrains upon the web; one in which they 
result from a uniformly distribated or dead load, and the other from a tariablc. or rolling 
weight, frequently called, in contradislinctinn to the other, a live load. The shearing strain at 
any point of a unifonnly loaded girder, is equal to the total weight situated between that poinl 
and the centre of the girder. In Fiff. 645, which represents the wkolcton elevation of a wroUKbt- 
iron plate pinier, the strain upon the web at any part E F, will therefore be niual to the total 
weight distributed over the distance Y, extending from tliat point to A B, the centre of tha 
girder. Consequentlv, if tbo load a foot run, unifurmly distributed over the ginler. bo I (no, 
and Y be equal to 10 ft., the sHi-aring strain at E F will be equal to 10 tons. As the weights with 
their resulting strains, are transmitted ultimately to the abutments through Die means of the web, 
the shearing strains at those points will be greater than anvwhere cIko, and will equal, as haa 
been previously mentioned, half the total weight distribuled over the girder. In all llimight 
girders, similar to that represented in Fig. 645. where the upper and lower flangee ore Itorinntal 
and parallel, the strains in tbo web are proportional to the distance Y, but if either of the Banna 
should be curved, oa in a bowstring girder, they no longer obey this law, the onrring of eitnei 
the upper or the lower flange very considerably modifying the amount and poeibon of tbo -*— inr. 
■inco a portion or the whole of the shoating slraiiu may then be suslainod by the flangoa. 
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The inyofitigatioii of the next oaae is apparently nx>ie oomplioated. Instead of the load being 
nnifonnly diatribnted over the girder, let it be represented by an ordinary railway train, which 
will enooesBlTely cover the various portions of the bridge in its passage across. Neglecting the 
weight of the girder itself^ it is evident that, if the rolling load has advanced from the abnt- 
ment D to the point £ F, in Fig. 645, so as to cover the whole of the larger segment of the girder. 
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into which the line E F divides it, there will be no weight upon that 
portion of the girder situated between E F and the abutment G. Con* 
sequently there will be no weight to be subtracted from that at E F in 
the calculation, and the shearing strain at the point will equal that 
transmitted to the abutment G. At the centre, with a distributed load, 
the shearing strain is nothing, but with a rolling load, its value is 
always one-eighth of that load. The maximum shearing stress at any 
point will be obtained when the rolling load covers half the bridge and 
extends beyond the centre to the given point 

Plate Qirders. — A practical example of this description of g^der will 
be found under Bridge in this Dictionary. 

Open-Wth Oirders. — The simplest form of the o^n-web girder is 
that known as the Warren, represented in Fig. 646, m which the web 
consists of one series of triangles. The original Warren girder was 
a combination of cast-iron struts and wrought-iron ties, but owing to 
several failurss, engineers abandoned the use of cast iron, and employed 
the latter material only in its construction. 

We shall not enter into the relative merits of pins and rivets in 
connecting the flanges and webs of open-web girders. It will suffice to observe tnat in the Grumlin 
Viaduct, which is a ^ell-known example of a Warren girder, the pins &iled, owing to their bad 
proportions, and have been taken out, and rivets and gusset pieces used to make good the junctions 
of the web and flanges. In American bridges, pin faistenings 'are almost exclusively usea, and no 
such failures are encountered. 

Let Fig. 646 represent a girder, uniformly loaded throughout its length, or, what amounts 
to the same, suppose the weights collected at the several apices of the triangles. Selecting 
any bar x. the total strain upon it will be equal to the shearing strain at the apex B, 
multiplied by the cosecant of the angle of the inclination of the bar to the horizon. The shearing 
strain will be equal, as already stated, to the sum of the weights situated between the apex and 
the centre of the girder. If each of the weights A, B, G, be equal to 1 ton, then the total stiain upon 
the bar x equals 1*5 x 1*4 = 2* 10 tons, assuming liie angle of inclination of the bar to be 45°. 
Let us now proceed to obtain this result by considering the action of each individual weight. 
Commencing with the weight of 1 ton at E, upon the principle of the lever, flve-sixths of it are 
transferred to the abutment E, and one-sixth to H. The vertical component of the strain brought 
upon the bar «, by the weight placed at E, is a compression of one-sixth of a ton. Similarly, the 
vertical component of strain upon x, due to the weight D, will be two-sixths of a ton, that of the 
weight G three-sixths of a ton, and that of B four-sixths of a ton. All these stndns are com* 
pressive, and summing up we find the total to be equal to(^+f + ^ + f)= y^ = 1| ton. But 
the bar x is also subject to a tensile strain from the effect of the weight A, which is equal vertically 
to one-sixth of a ton, so that the total strain upon the bar x is equal 1^ — ^ = li ton as before. 
Multiplying this by 1 *4, we obtain the result to be as before 2* 10 tons. 

The tensile stnin, brought by the weight at A upon Xj is neutralized by the compressive 
strain resulting from the action of that at E, and the compressive strain coming from the 
weight at D IS of exactly the same amount as that portion of the weight at B, which does 
not pass dowif x towards H. The reason why the last bars, or those nearest the abutments, 
are always strained to a maximum ia thus apparent Since the weights at E and H, which 
are respectively equal to half those at the apices of the triangles, cause no strain upon the 
bars y, y\ but are supported altogether by the vertical reaction ox the abutment, there is no 
neutrali^ng strain upon them. The bar v is strained in tension by all the weights A, B, G, D, 
E, and there is no compressive strain at H to be subtracted from their united action. In the 
present instance the bars t, tf are also strained to a maximum in compression, being evidently 
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affected by the same weigbta to the same extent as y and y', but the strain is of a oompreniTe 
instead of a tensile character. The bars y and t and y' and V are aaid to be pairs, that is, they are 
acted npon by strains of the same amount, bnt of an opposite nature. From the rules previously 
laid down, the strain upon t and <' is a compression of half the load upon the apices of the triangle, 
multiplied by 1*4, and that upon y and .v' a tension of the same amount Both these strains 
consequently = (2*5 x 1*4)= 3*5 tons. The Tertical pressure upon each of the uprights H 
and K. will be equal to half the total locul upon the girder, equal to 3 tons. 

Haying now made clear the manner in which the bars are affected by the seyeral weights, 
the strains upon the flanges have next to be considered. The strain upon the whole of the upper 
flange is compressive, and is induced by the bars tending to compress or double it up towards the 
centre. That upon the lower flange is tensile in character, and its tendency is to stretch the 
flange from the centre. The strain upon A B is .the sum of the horizontal components of the 
strt'sses upon the diagonals H A and A A. That upon B is equal to A B plus the horizontal 
components of the stresses upon the diagonals A B and B B, and similarly for any number of 
triangulations. It will be seen hereaiter, that the strains upon the upper and lower flanges are 
not perfectly, although very nearly, equal, and moreover, the actual amoimt of each will depend in 
a great measure on the position of the load, whether it be placed at the top or the bottom of the 
girder. The stmins upon the various bars are also affected by the position of the load. Let 
Fig. 647 represent one-half of Fig. 646, and let the weights be situated as represented in the latter 
flgure, the same letters being used for both. Since 

it is necessary to consider the action of the weights ^^' 

upon only those bars that are placed between 
the load and the nearest abatment^ there is there- 
fore no strain whatever upon the bar C, when 
the weights are situated at the lower apices of 
the triangles. When they were placed upon the 
top, the bar G C was subjected to a compressive 
strain of 0*7 ton, but in the present instance it 
is free from strain. The reason of this is at once 

apparent, if we imaa:ine the other weight to be placed at C, upon the other side of the centre 
line F, in Fig. 647, as already explained. With a weight of 1 ton at C, the tensile strain 
upon the bar B will be 1*4 ton, and a similar compressive strain will be exerted on B B 
and A A, also a tensile one of the same amount upon B A and A H. These strains are those 
produced on the bars by the action of the weight at C, which is thus accounted for. The weight 
placed at B will exert corr(>sponding strains of the same amount upon the burs that are situated 
between it and the abutment, that is upon B A, A A, and A H. The bar A H will finally receive 
a third strain duo to the action of the weight at A. It is first to be observed that the arrangement 
amongdt the bars is changed by altering the position of the load. Those which were pairs in the 
former instance are no longer so now. There is also a greater total load upon the girder by the 
arrangement adopted in Fig. 647. 

If we take the half-girder in Fig. 646, the whole load upon it is 2| tons, since half a tern im 
supported directly by the vertical reaction of the abutment at H, whereas in Fig. 647 the whole 
3 tons are supported at the lower points of the triangles, consequently the strain upon the end ber 
Y will be greater than in the other case. In Fig. 646 it was shown to be equal to 2*5 x 1*4 =: 
8*5 tons. By the same rule it will now be eoual to 3 x 1*2 = 4*2 tons. The difference is 
evidently the diagonal component of the vertical load of half a ton, which is not carried bj the 
support, and which is equal to0'5xl*4 = 0*7 ton. 

Girders unth One Series of Tnanqles. — The Warren girder was the original type of the open- 
web girders, but the name, although still retained, is not strictly^ applicable to girders with only 
a single system of triangulation. In fact, many of the distinguianing features of this desoriptioii of 
girder have disappeared. The angle of the bars which divided the whole web into a series of 
equilateral triangles, is no longer universally adhered to. Rivets are frequently used instcnd 
of pins to form the connections, and the employment of cast iron has been abandoned. 

The example shown in elevation in Fig. 648 is that of a road bridge erected over the Ganges. 
Exclusive of the side spans, which consist of plate girders, the three central spans are carried by 
wiought-iron Warren girders, having a clear bearing between the centres of the end pins of 60 ft^, 
the most economical span under the circumstances. The bridge is supported on acrew piles. 
An elevation of one girder is shown in Fig. 649. The depth of the girder from centre of pins in 
the upper and lower flanges respectively is 6 ft. 11 in. The upper or compression flange is of the 
trougn shape, composed of horizontal plates and angle irons of the several lengths Fig. 650« 
while the lower consists of vertical bars or links 6^ in. in depth, but varying in number and thiok> 
nesB according to their position in the flange, being a maximum in both at the centre, and a minimnm 
at the ends over the bearings. The girden are uol continuous over the piers, but are carried npoQ 
rollers over the standards. Upon these rollers the upper flange rests, so that the girder is rtally 
suspended from the top flange, the vertical tie-bars at the ends of the girders constituting ~ 



suspending rods. Fie. 649. This method of support is very similar to that employed in the 
Grumlin Viaduct. The diagonal struts are made up of X ^^fJ'oa and plain bars, while the tiee 
consist of the latter only. All the X irons in the struts have a uniform section qf 44 in. x 3 in. 
X f in., and all the bars are 6 in. x 4 in., with the exception of the end ones, in which the thickneaa 
is increased to | in. It is to be noticed that the diagonal bars in the web of the four central beym 
are oounterbraced, that is, the ties as well as the struts are composed of both T irons and ben. 
The diao^nal ties in the remainder of the web are made up of plain bars all 64 in. wide, bat 
varying m thickness from -f^ in. to 1 1 in. The struts and ties at their intersection with the fletig«« 
arc c<)nmM!ted together by pms tumcnl all over, with slotted collar holes. The pins vary indiemrter 
from 2^ in. to 2^ in., and in length from 1 ft. 1| in. to 1 ft. 7| in., and pass completely throo^h 
each flange. A portion of the longitudinal girder which carries the roadway and of the uprights 
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The manner in which the wronght-iron plate oroas-girdera, the longitudinal, or side girders, and 
the corrugated iron plates are secured together, is i^own in detail in Fig. 651. This type of floor 
plates is unusual and not to be recommended for general adoption. 

The ends of the cross girders rest upon a couple of brackets 6| in. x } in., which are in form 
angle irons, with one long and one short side. The shorter sides hare holes drilled in them to take 
turned bolts, while the longer have similar holes of larger diameter, through which the pins pass 
to connect the diagonal bars in the web with the flanges. There is some riveting in the top 
flange, although pins are used for the attachment of the diagonal bars, and riveting is also remiired 
in the cross girders and general erection. An elevation of the end of the upper flange is shown 
in Fig. 652, and a section of the same in Fig. 653. The section is rather peculiar, inasmuch as 
the horuontal plates are not carried continuously through the entire breadth of the flange, bat 
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consist of two half-plates, as they might be called, and are riveted to the angle irons. Figs. 654 
and 655 represent an elevation and plan of the joints in the upper flange. The angle irons are of 
a heai^ section, 7 in. x 3 in. x i in. The great disproportionate length of one side is due to the 
necessity for providing sufficient bearing area for the pins, which, owing to their greater diameter 
as compared with rivets, occasion a heavy loss of material. The pins are placed at the centre of 
the angle irons instead of at the centre of g^vity of the cross section of the top flange, a mistake 
veryoommonly made, though it entails an increased strain of from 20 to 50 per cent, according to 
the amount of the error. Figs. 656 to 659 are of the details of the rollers, which are placed over 
the supports at one end of each girder, the other end of the girder being fixed. 
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Lattice Girders. — The lattice girder, instead of consisting of a single system of triangles, emhiaoea 
in the web several series of triangles, and from its greater lateral rigidity is better suited than the 
Warren for large spans. The introduction of the lattice girder marked an important epoeh in 
bridge building, ana the open web type has since maintained its ground with all engineers who 
understand the true economv of such structures. Different forms may be given to the flanges, 
but the peculiar character of the web constitutes the chief value. 



660. 




In Fig 660 is represented the skeleton elevation of a lattice girder, with three series tff 
!!,J^!5' * V®' *^^ ^\ ^^,!°^ practically are totally independent of one another. The kad is 
^SS^ Y".}^ miiformly distributed over the top of the whole girder, and oonseqnenUy equal 
portionsof It are situated on the several apices of each system of triangulation. 
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Let na take the eaae of the weight placed upon the apex AK It is, apon the principle of the 
lever, conveyed to each of the ahutments D, by means of the bare A* A, A A, AD, A* A*, A* A', 
A' A*, A* A*, A' D, and is considered to produce no practical effect upon the bars of the other 
■yatema, B and G, at the points of their intersections with its own system A. 

It is assumed that whether pins or rivets be employed for connecting the diagonal bars of the 
different svstems, they do not act as a medium for the transference of strain, but simply bind the 
bars together, or hold them in a vertical plane. Theoretlcaily there is no doubt but that some 
slight strain is induced, but as we are dealmg with the subject principally in a practical light, we 
ahtJl not now discuss the question. There are two methods of arriving at the strains upon the web 
of a lattice girder, an approximate and an exact one. The former consists in supposing the total 
load distributed upon the apices of one system only, determining the strains, as in a Warren 
girder, and dividing them by the number of series or systems of triangles. Where the girder is 
small, and the systems of triangles do not exceed two, and the bars are pretty close together, this 
approximate method may suffice, but it should never be used upon a large scale, or where 
it is desirable to obtain a very accurate result. Beferring to Fig. 660, and supposing the bars 
A A, A A^ to be pain, the strain upon either, divided into three parts, woula not afford an 
accurate result for each of the corresponding bars of the other systems. To ascertain the strains 
not only upon the bars of the web of a lattice girder, but also upon the different parts of the flanges, 
there is but one true method, and that has been explained in the analysis of the Warren girder. In 
Fig. 660 the load should be considered as uniformly distributed, and the strains resulting from 
each separate weight obtained and tabulated as described. In applying the mathematical 
formula already ^ven to the determination of the strain upon any bar of a lattice girder, care 
must be taken to mdude only so much of the load situated between the bar and the centre of the 
girder, as is placed- upon the apices of that particular system of triangles to which the bar belongs. 

So far, there appears to be no difference in the general disposition and nature of the strains 
induced upon both the Warren and the lattice girder. But if we examine the strains brought upon 
the vertical ends of the girders, or pillars, as they are usually termed, a notable difference will be 
perceived. Confining our attention to the one system of triangles in the elevation in Fig. 660, 
which commences at A over one abutment, and terminates at A^ over the other, we may consider it 
to repreeent a Warren girder. Under these circumstances it has been already demonstrated that 
the only strain brought upon the end pillars AD, A' D, is a vertical one, which is equal, for each 
pillar, to half the total load upon the girder. This is worth remarldng, as it points out that any 
Yertioal load will be ultimately transferred to the points of reaction, without altering its original 
value at those points, notwithstanding the manner in which it may be transferred, and the number 
of strains to which it may give rise in the various bars, considered to act as the medium of its 
transference. Again, referring to Fig. 660, and regarding it as the elevation of a lattice girder 
with three systems of triangles, it will be seen that two bars, BE, G E, are connected to the pillar 
A D, and two others, 0' E, B* E, to the pillar A' D. Consequently, the strains upon these bare 
must be resisted by the pillar, and it remains to ascertain of what nature are the strains which the 
pillar undergoes. It will be sufficient to take the case of one pillar, A D. Of the two bars, one, 
BE, is a strut, and the other, CE, a tie; consequently their .strains may be resolved into their 
components, one in a vertical, and the other in a horizontal direction. 

This is shown in the diagram in Fig. 661, in which A D is the vertical pillar, and B E, C E the 
strut and tie. Let the compressive strain upon B E be equal to 1 ton ; and since this tends to 
push the pillar A D outwsids, produce the bar B E beyond the 
pillar, and lay off upon it the distance E F, representing 1 ton ; ^^* 

draw FH to meet the pillar at H; then F fl equals the horizontal 
component of the compressive strain upon the bar, and tends to 
push the pillar outwards. Now, suppose the bar O E to be under 
a tensile strain of 1 ton, it will evidentlv pull the pillar inwards, 
with the same amount of force with which B E pushes it outwards. 
Making E F represent 1 ton, and drawing F H to meet the pillar, it 
is plain that the horizontal components, being equal and in opposite 
directions, balance one another, and there is in that case no trans- 
verse strain upon the pillar. But if the strnin upon one bar exceed 
that upon the other, then the transverse strain is equal in amount 
to the difference of their horizontal components. These horizontal Z' 
components, which in the case of the intermediate bars B E, C E, / " 
must be resisted by the pillar A D, are analogous to those which 
are at the top and bottom of the pillar, and cause compressive and 
tensile strains respectively upon the upper and lower flanges. 

The object of departing from the simple Warren girder, and introducing secondary systems of 
triangles, is threefold, f^rst, in the lattice type, the points of attachment between the upner and 
lower flanges are multiplied, and a more uniform distribution of stress is ensured; secondly, the 
flanges are not subject to anv transverse strains from the cross girders or otherwise; and 
thirdly, the struts in the web itself are by mutual support made a great deal stiffer, and better 
adapted for the case of deep girders. It is evident that if the apices are too far anart, that is. if there 
are not a sufficient number of series of triangles, the assumption that a uniformly distributed load may 
be considered collected upon the apices, will not hold good, and the assumption becomes still farther 
fiom the truth, in the esse of a moving or variable load. Each portion of the flange between the 
apices or points of attachment of the web, becomes in reality a short girder, and the entire flange 
approaches the conditions of a continuous girder. At the same time, since the real economy of the 
lattice form is to be found in its web, the bars must not be placed too near each other. In other 
words, there must not be too great a number of separate triangulations. 

The simplest practical method of calculating the strains upon a girder, due to a passing load 
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of ODiform weight, b to caloolate the strains npon the assamption that the total load upon the 
hridge, inolnding its own weight, is nnifonnly distributed over the span. One advantage of th*s 
method is, that we at once obtain the maximnm strains upon the different parts of the upper and 
lower flanges, since they take place when the passing load coyers the whole span, that is, in reality, 
when it is uniformly distributed. The strains having been calculated upon this aasnmptioo, the 
design of the girder can be proceeded with ; and the effect of the moving load upon the various 
bars, obtained by a graphical diagram, can be allowed for, by increasing their dimensions, if neces- 
sary, or by counterbracing. By counterbracing any portion of a structure, is meant, bracing it in 
such a manner as will enable it to resist a strain of compression as well as one of tension. 

It is sometimes assumed that there is no strain upon the central bars of the web, simply because 
that is the condition obtaining under a uniform load ; but Table III., which Fig. 662 illnstiatea, 
demonstrates the fallacy of all such loose oonolusiona. 




Table III. 



Position of 


Ban. 


Load. 
















AH 


HB 


BK 


KG 


CL 


LD 


DM ME 


H 


- 5-41 


- 0-36 


+ 0-36 


- 0-36 


+ 0-36 


- 0-36 


+ 0-36 — 036 


K 


- 4-68 


+ 4-68 


- 4-68 


- 107 


+ 1-07 


- 107 


+ 107 1 — 1-07 


L 


- 3-96 


+ 3-96 


- 3-96 


+ 3-96 


- 3-96 


- 1-80 


+ 1-80 ' - 1-80 


M 


- 3-24 


+ 3-24 


- 3-24 


+ 3-24 


- 3-24 


+ 3-24 


- 3-24 " - 2-52 


M, 


- 2-52 


+ 2-52 


- 2-52 


+ 2-52 1 - 2-52 


+ 2-52 


- 2-52 + 2-52 


b 


- 1-80 


+ 1-80 


- 1-80 


+ 1-80 ! - 1-80 


+ 1-80 


- 1-80 + 1-80 


& 


- 107 


+ 1-07 


- 1-07 


+ 1-07 - 1-07 


+ I 07 


— 1-07 + 1-07 


H, 


- 0-36 


+ 0-86 


- 0-36 


+ 0-36 - 0-36 


+ 0-36 


- 0*36 ! + 0-36 


Total 


-2304 


+17-27 


-17-27 


+ 11-52 -11-52 


+ 5-76 


_ 576 1 — 0-00 

1 



PotltiODOf 
IXMMl. 



H 
K 
L 
M 

Total 



Ban. 



EMi 



+ 
+ 
+ 
+ 





1 
1 

2 
2 



36 
07 
80 
52 
52 
1-80 
1-07 
0-36 



M,D 



+ 

+ 
+ 




1 
1 
2 
3 
1 
1 




36 
07 
80 
52 
24 
80 
07 
86 



DLi 



L,C 



+ 0-36 


-. 


0-36 


+ 1-07 


— 


1-07 


+ 1-80 


^ 


1-80 


+ 2-52 


— 


2-52 


•f- 3-24 


— 


3-24 


- 1-80 


-. 


3-96 


- 1-07 


+ 


1-07 


- 0-36 


+ 


0-36 



CKi 



KiB 



BRi 



HiH 



+ 
+ 
+ 
+ 
+ 
+ 



0- 

1 
1 



1 





36 
07 
80 
2-52 
3-24 
3-96 
07 
36 



0-36 


+ 


0-36 


1-07 


+ 


107 


1-80 


+ 


1-80 


2-52 


+ 


2-52 


3-24 


+ 


8-24 


3-96 


+ 


3-96 


4-68 


+ 


4-68 


0-86 


— . 


0-86 





1 
1 



4' 
5 



86 
07 
80 
2-52 
S-24 
8-96 
68 
41 



— 000 — 5-76 



+ 5-76 



-11-52 +11-52 -17-27 ,' +17*27 1 —2304 



flanw^ £^J^!« w^l® ""J^y includes the case when the load is situated upon the bottom 
«^f Drind JrS 7t\l^ ^!? Btoted, there wiU not be the slightest difficulty iTapplying the 

S2 dia»?nirSi^l*iK ^^""^^^J^P^^l-^hen the lead is at thftop, the strmins upon 
memlT^ To ren^ load will be compressive, and tensile when it^is upon the loSS 

ty adding toireSbM all tSl -w *?i?Vu® ^ *" subjected to. This is readily acoomplishea 
respective'^b^ AwfLn^\^Tl/^^^ the same sign, and tabulating them unde" their 

thatthe b«S 7; Fhr^^ *l?^^^i! }\^'^^ ^^"^^^ ** * 8^^"*~ *»i« ^^^^^ maximum strains 

If the iS^Vwp^^^*^^^^^ ^y *^« ^'"^H of a passing load of 0-5 ton a loot run. 

change places w fiSTthe rt,^n??^ir" **^^«PP«»**« ^^^ of the girder, of course the bars will 

Table IV ^ iiT *°° ■*'*i'** are concerned. 

the l<*d cover, the 2hStS^m?'^7K '*^ "P°° *"y J*" *•"* i« • tie. take. pUce when 
■uno oonditioM. FremttL^ »? ?^ *^ maximum tennle strain upon any ttnimAet the 
««„»i.„„, from thi. rule mu«t h» «,«„«^ ♦k- * *-■ banTwhioh wiU be^»elSu 

manner. The strains upon 
from a moving load, can be 
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caloiilftted by the nilee already given, bearing in mind, that it ia only the diagonals of thatpartioular 
system npon the apioes of which the load rests, that are affected by the load. The other 
bars suffer no strain until some of the apioes belonging to their own system are loaded. In the 
present instance the moving load has been considered to be of greater amount than it really is, and 
the conclusion to be drawn horn the investigation manifestly is, that in all bridges of small span, if 
the strains be calculated upon the assumption that the total load, live and dead, is uniformly 
distributed over the whole span, there is not much difference occasioned in the strains with the 
exception of the middle bars. But in practice these bars are generally of the same scantling as 
those in their immediate vicinity, and are therefore strong enough. The principle to be kept in 
view is, l^at if the pennanent or dead load bear a very lar^ proportion to the moying or live load, 
tiie effect of the latter in augmenting the maximum strams upon the bars will be very trifling. 
If, on the contrary, it be small, then the moving load will considerably modify the existing strains. 
It is a simple question of the preponderance of one load over the other. In prastically designing 
the girder, care must be taken not to cut down the material too fine, especially when providing for 
the action of a moving load. This is the more necessary, as the strams that are calculated, are 
supposed to be simply those resulting from a load, successively superimposed upon different parts 
of the girder. No idlowance is made in the theoretical calculation for the violent shock, concus- 
sion, and consequent vibration that attend the passage of a heavy train over a bridge. This must 
be allowed for by experience, by the introduction of such additional bracing as the skill of the 
engineer suggests. It is for this reason that the calculation of strains and the determination of 
the seotioniS area required, should proceed with the design and the actual drawing of the girder. 
It is not sufficient to design a structure that shall merely resist the forces to which it is subiected. 
It should resist them in the best and most economical manner, which can only be ensured by a 
practical knowledge of ironwork. It would be to little purpose to give the web of a plate girder 
the number of square inches required to resist the shearing strain, unless it were stiffened in a 
manner that would allow of its being able to receive the strain properiy. Theoreticallv speaking, 
the web might he strong enough, but practically it might be so weak that it would buckle up under 
a fourth of ihe calculate strain. 

Table IV. 





MMimnm 


Mazhnnm 




Mazlmmn 


Mazlmnm 


Bars. 


Oomptototye Strain 


Tensile Strain 


Bars. 


Oompressive Strain 


Tensile Strain 




In Tons. 


In Tons. 




in Tons. 


in Tons. 


AH .. .. 


OOf) 


23-04 


EM, .. .. 
M,D .. .. 


5-75 


6-76 


HB .. .. 


17-63 


0-86 


8-28 


8-99 


BK .. .. 


0-86 


17-63 


DL, .. .. 


8-99 


3-23 


KG .. .. 


12-95 


1-43 


L,0 .. .. 


1-48 


12-95 


CL .. .. 


1-43 


12-95 


OK, .. .. 


12-95 


1-43 


LD .. .. 


8-99 


3-28 


K.B .. .. 
BH, .. .. 


0-36 


17-63 


DM .. .. 


8-23 


8-99 


17-63 


0-36 


ME .. .. 


6-75 


5-75 


AH, .. .. 


0-00 


23-04 



In railway bridges the bending moment is alwa^ somewhat greater than that due to the dead 
wei^t of Uie train, because irregularity of road, wind pressure, and other disturbing causes tend to 
ino^ase the stresses. Again, it is now universally admitted that a lower working strain should be 
taken in stmotures subject to firequent bondings, and in which the live load is considerable as com- 
pared with the dead. The following table, due to R Baker, exhibits the rolling load and working 
tennle strain which it would be advisable to adopt for first-class railway bridges in England ; — 

Tablb y. — ^RoLUNQ Loads and Strains on Railway Bbidgd, Bakeb. 



span. 


Rolling Load a Foot Ron, Single Line. 


Tensile Strain a Square Indi. 


Normal. 


Increase. 


Effect 


Standard. 


Decrease. 


Working. 


10 

20 

80 

60 

100 

150 

200 

275 


cwt 

60 

48 

42 

80 

27-5 

25 

22-5 

20 


percent. 

20 

10 

7 

8 

Nil 

t» 
>♦ 
w 


cwt 
72 
53 
45 
31 

27-5 
25 

22-5 
20 


tons 
5 

>» 

n 
n 
w 
>♦ 
>» 
»» 


percent 
20 
18 
16 
18 
10 
5 
NU 

Na 


tons 
4 

41 
4-2 
4-3 
4-5 
4-75 
5 
5 



Where long struts are used, the unit strain should varv according to the length. American 
enffineers have given great attention to this question, and have made many experiments. The 
following are the results obtained, in one verv important series of experiments on the strength of 
wrought-iron columns of varying sections, and formed part of the specification for the bridges on 
the Cincinnati Southern railways ; — 

Table YL contains the average or mean results of experiments made on wronght-iron columns 
and stmts of various kinds, prepared by four bridge companies. 
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32. (KK) 
24,0CK) 
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€63 
604 
665 
666 
667 
668 
669 
670 
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Krom til In Ulilo tho valuo of the oonBtant / can be cftlcnlated for each colamn, by Gordoa'a 
foriinilH, ntul ulw) by tho formuUi g^iven by Bankine, in which the radius of gyration of the section 

at* 
\u iimmI 111 p1a<v) of tho iinaUcst diameter, for by sabstituting m for the fraction or for 

„i thi«rn rtMiilt* / s ,-tlie dimeniions to satisfy which are all given in the table. 



Gordon's formula 



lUnkinu's formula 
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/ 
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1 + r* 



V Mwa Ou^ ultinmto Iniid producing the crushing or bending of oolumn. 
H. Mcodniml an^ii of tH)himn in sauaro inches, 
f mMinUut, NUpitaMMHl to Ut cM|ual to the ultimate resistance a aq. in. of a short column, whose 
liMtglli Im iH(ual to tin diAiuotor, 



1 « J I'^'^t' i^Uumiw with flat lioarings 
»i x^mnus\\\ ^y^,^^ ,y,,u^x\\\\* with flat Inwing at 



one end and rounded at the other = ^^^ 

I . . |>W tMhtimu with flat Ixmrings —rwiiFis 

ti lH^(llutu1^^^^^^ ivluiui\« with tUt bearing at one end and rounded at the other = ,^, 

*, «li.iuuv|«vr t\t\s\Uimu in tho dinvUon of its gitwt defl«*tion. 

«f «i««\(ti* «^( )i> r.^<hvu ist on^M Aivtum of ci^unm in the direetian of its greatest deflectioo. 

\\\ wwUx U\ U*% %\i\\r\A\ii\\\y tbt^ matbonuiticial oorrcy'tnt^as of the formula, experiments should 
lm>\« U vu u««^«l«« \\\lt\ Iho <«Aiuo uMNMiuri^ <mi «\>himn» of difloivnt lonirths and shapes of cross section, 
\\\*sA\y^ \\\ Mu« mAww \\\^\y \\f mxUMm «)\Mhty, and «11 flttinj^^ made and measurements taken with 
lt«^-*st ^^(vx'Wt^^u A\) <i\.A' v^Mu^t^Ml!k inmiM nv^l U« ni*li^\l. But for the objects in Tiew, which 
\N» ^>« |>^ rt-^^ \%M\\ \^\w\\w\ \\w fxMiuuU \NM\Ui Iv *is^a<>l in pTkctivVi. with TeiT approximately eorrect 
tv*uU« ««M«t M »>\ l\^ xU<.\mmo <Uo cxvrnvt x-Atjo of t^.<^ coosXsuit /, scientific nieeCy was not 
^t , tv.*^n M \h«^» )v\\ t> ihVU\ x>t\ 0>^\SM\trarT, th^it the <\x^d;ti.^a5 \]if tbe expenmeots shoold be the 
imuM> ^» 0«A*«' A« )\uU\ ^^^«^ >k.r' u\ )v>eki» Av.si $tr^t^ as t:<T 5Saad in iron suuciuiea. 

I Uo ^ t^v>\ ^Kv» <N \>,.\^1 >\^w^uv.v.^» x>i^» S' .ir*v:) :^.vsx the exaAina&cn aad ccnpanaan of all the 

\ v\ >N\ . .%\.». x\v ^*.s ^*^ V ^^ *\\\ .N'" »\ ^^ >'''-t Vrc'>.*w m»3f v^ t>je 9as:»e kini of iroo, the vmhies 
v\ \\i ,; f, < \\\^o ** , ■ . ^ %K* v»o4 0, *, T ?».w t ^:ft oat: re«A.xi*.<T Kp aoKwnted for by the 
\ » i^^MtiN V ^. < ,M H^ , ^^ ■ X » * »X -.^ •♦ X „^ v^^r .^.t^. Uv s^ 5.rtTw* ixx Kiruc p^aU* than those 
\ «\\\ »\ 1 % >v;»x...*i, «, X V XI v.,v .""s ,v4*..-vv, * ul 5«w.s>.'.» .V r^ .-if ibr jusae skACuCactare. 

^\s\ , . ^»»».rt« .N% »; \ V » x' *,v« »Nj .>rN\«» Ax'^vur.. *.''»i i7vv.«r ,x i. 5-'-Yr.t kiri» ci iivo, tiie Talnes 
^ \ « « . >\ ik« , A« vk ''t > « \ ». .vv %\« » .^Nv .s." »»^. c ^ <*^' •>-'p ^ ^ ixrtv.\ ssHkT'zsftcsarm. Columas, 
^« \> \ X, ' X. \ K •^v.-.v •• g^ >v..v'.\ % vl >," t * Kv-.fr-r^iL. |*.>*i^-c fltf tbMv wcrvL Bal if 
« « \ » .. \ ,s4 * ,\x x.^x v^ K ,\>. • "•\v^» -^^ *••* a v^.;^!.: c^-asl to kslf itsowa 
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tiooft], but not equd to the ultimate strength of the iron, and not the same in the two foimnl a, being 
■mailer t<x Bankine's than for Gordon's. 

For oolnmns hinged on pins at the ends, Gordon's and Bankine's formole for columns ronnded 
at one end and fixed at the other, wHl give approsimatel j correct results, pronded / be determined 
as noted above. 

For swelled oolnmns, the fonnnln are alao applicable, proTided the diameter at the end be used. 

It is of great importance for all bnilt oolnnms, and especially for open colnmns, that the several 
parts shonld be well riyeted at the ends, and that tme and even bearings at tiie ends be obtained. 

Some of the tests confirmed the lact already pointed out by some experimenters, but not uni- 
TeiasUy admitted, that wrought iron, when submitted to a preasuro beyond that corresponding to 
its limit of elasticity, and allowed to rest, will afterwards posseas a hieher limit of elasticity. 

Diagram <^ Forces. — ^The stiains upon an open-web girder may be obtained from a diagram 
of forces. Figs. 671 to 674, in which each line gives the total strain upon any particular 
member of the girder ; the strains are first deduced by the successiTe resolution of the weights 
at eadi joint and subsequent summation, as shown in Fig. 671. A comparison of the 
strains by scale will point out that the totals agree with complete accuracy. Fig. 671 repre- 
sents an open-web girder, with the strains calculated upon the one half, on the supposition 
that the weights are situated on the top flange, and on the other half that they are placed 
upon the bottom flange. The girder is 60 ft. in dear span, with a depth of one-sixth of the span. 
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The total half-load = B = Bi = 22*5 tons, which gives 9 tons at each apex. The dotted lines 
in Fig. 671 represent the strains, and the diagram of forces for the strains with the load on 
the top flange is given in Fie. 672, and for those on the bottom in Fig. 673. Supposing the 
moving load to have advanced from A to £, the strains will be found given in the diagram of 
forces in Fig. 671. It will be observed that there b some difference in the amounts of the strains 
induced on the different members of the ffirder, accordingly as the load is situated on the top or 
bottom flange. When the load is situated on the upper flange, the total strain upon the oentrt^ of 
the lower flange is greater than when the load is on the lower flange itself. The strains, in fuot, 
upon all parts of the lower flange are greater when the load ia placed at the top, while under btitli 
cases of loading, the strains upon the different parts of the upper flange remain the same. So far 
therefore as the weight of metal in the flanges is coDoemed, it would m more economical to load a 
girder upon the lower than upon the upper flange, and in practice this is generally found. 
Inspection of Fig. 671 wiU show that with the load on the upper flange, the strains upon Uio 
diagonal bars in the web are also greater than when it is placed on the lower flange. The strain 
upon the centre diagonals is 6*37 tons instead of zero, and upon the end bars 31*87 instead of 
25*20 tons. The value of the reaction at the abutment will be the same in either case, that is, 
B = B,. The diagrams of forces in Figs. 672 to 674 are reciprocal dingrams. In other words, 
all the bars enclosing a space in Fig. 671 will meet in a point in the diagrams. In comparing 
these two methods of calculating the strains, this peculiarity will be found very usof\il, as it 
wUl enable the lines representing the different parts of the girder to be readily ascertained. For 
example, take the triangle B G D in Fig. 671 formed by the bars B C, D, and B D. The strains 
upon these are represented in the reciprocal diagram Fig. 672 by the corresponding linos B C. (' 1), 
and B D, which all meet in the point M. The lines in the diagrams are lettered only for the strains 
upon half the girder, although tne diagrams are drawn for the whole girder, the unlettered lines, 
which are exactly equal in length to the lettered lines, representing the strains upon the other 
half. 
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Laltict Oinfcrt.— Tha praotimi esample, of which the pftrtiinilan are given in Pi^ 675 to 685, 
ti a dedgn for n large public road bridge la India, and is shown in general elention i" 
Fig. 875. The bridge oonsUtfl of flye spans of 60 ft. each between f 
OolDmns. The ooluron* and botow piles which 
oarry the bridge are of oast iron, and Me in 
pain, with a distance of 4 ft. 8 in. between cen- 
tres. The girderr — ""* —"*;—>""• <»"" tii" 



ont to oat of flange*. The web has two series of 
tiiungles, or one InterseoUon of the diagonal bars 
at eiaotly the half depth between the flanges. 
E^ch girder bears at the eitremity npon the 
oolnmn neejeet to it, and throws no weight npon 
the other, which is supposed to carry its own 
knd, in snpporting the adjoining girder. A east- 
iron bed-piate, nnder the bearings of the girder, 
connects the heads of the twin oolaan, bo that in 
the event of anj slight settlement taking place 
in one of the oolnmni and not in the other, the 
unyielding one would be able to assist that adiB' 
cent to it, snpposing the cast-iron bed-plate did 
not gite way, nnder the cross strain eaosed b; the 
difference in level of the ends of the two giidera. 
Fig, 676 is an elevation of one girder. The 
npper flsjiae la composed of two angle irons 
6 in. X 3i in. X i In., and one hoiizontel plate, 
oontinuoaa thronghout the girder, 18 in. x 7 in. 
at the centre for a distance of 10 ft. 6 in., 18 in. X 
( in. for a distaoM of 10 ft. 10 in., and 18 in. x 
I in. for the remainder of the flange. The lower 
flange is similarly bnilt up, with the exception 
that the horizontal plates are of different lengths, 
and vary In thiokDeea from {in. to | in. The 
rivets are f in. in diameter, and have a pitch of 
H in. ^Min centres. The diagonal ban in the 
web are inclined i^ an angle of about 60°. The 
atnita are of T iron, and are double, varying in 
dirnemdons from 8 in. x 2 ft, 2 in. x A "»■ to 5 in. 
X 3 iu. X i in. The ties are of bar section, and z 
are nlnn in paire. Their scantlings vary from 4 in. 
»5in. X tin. Atthecontre the diagonal 

of X iron, the web being thus oonnter- 

biaced at that point. The covers are all 2 ft. long 
X \ in, thick. Figs. 677, 678, are an end elevation 
of one of the main girders over the pier, together 
with a section of some of the cross-gitders, A 
sectional plan in Fig. 679 is taken through Fig. 
677, and shows the arran^ment of the cross 
girdere, the longitudinal T iron or runners, 
and the diagonal horizontal bntcing. The cross 
girdcra are spaced evei? 3 ft. 7^ in, from centre 
to centre, except near the pier«, where the 
distance is increased to 4 ft. 7^ in. Over the 

E'en tlie dialanco is reduced to 4 ft. 6 in., which 
equal to the distance between the centres of 
the twin oolomni, A solid wrought-iion nUte 
IB in. X } in. in thickncBs is riveted to the back 
of the ends of the girders, which are thus closed 
In at the eitTeinitioB, Fig. 680 is a tmnsverse 
seetiou of this bridge. The breadth of the Sange 
is 18 in,, the depth of the main eirders 5 ft. 3 in., 
and tlie inside width of bridge m the clear 18 ft. 
The cross girders are of the trussed form, and 
are oouBtructed of flanges ofT iron 5 iu. x 4 
in, X i in,, and lattice t»rs. The struts and ties 
in the main girders are braced together iu the 
CTOM section by diagonal bars 2J x { in., 2 in. x 
i in. For an short a strut, with the exception of a 
horizontal piec^ at the centra of the section, this 
bracing ia superfluous. Between the cross girders, 

I Irons, at mtervnls of 3 ft,, are fliod, to which 
a buckled roadway plates are riveted. Upon 
them la placed the asphalts, and a gutter 19 In. 
wide Is provldi'd at each side of the roadway. It 
la to be observed that the X '"^ "^ "'^ lower 
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flfto^ of the ooBi giiden b forged all lomid tbe ends, and an and plale | in. thick fbma the 
tenninatioQ of the giiden. The crmb eiiden are all riveted * to the bottom flange of the main 
girden, and are soapended from them by the liYets, a mode of fiutening whidi is not ao gtiod 
a8 if thej rested directly upon the lower flanges in the openings, or diamonds between the lattice 
ban. 

«7r 
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In Figs. 681 and 682 are the oolumns and cross bracing. The horissontal bracinff oonsistt of a 
transyerse plate girder at the top of the oolumns^ underneath the bearings of the main girtlurs, and 
a pair of | irons 4 in. x 3 in. x | in. lower down, where the flange Joints of tlio columni occur. 
Between these vertical points diagonal bracing, composed of double y irons fi in. x 8 in. x | in., 
is fixed to the columns by wronght-iron rings or collars, and wruught-iron bolts 1 } in. in diamctor. 
A similar description of bracing ib fixed in the same manner to tlie double columns in the plane 
of the main girders as in Fig. 681. The rings or collars, wliich are all } in. in thickness, are sliown 
in Figs. 683, 684. Double fillets are cast upon the columni. betwci^n which the rings are plai^l 
and bolted to the bracing. Lugs are frequently cast on the columns for attaching the cross brucing 
instead of rings. It is objected that the rings are very often broken, but if tl>ny arc mmlc siiflU 
ciently strong, this objection hss no real force. They are much cheaper than the rollnrs. Fig. 08A 
represents an elevation of a portion of one of the screw piles. The pitch of the screw is 8 in., and 
it makes one complete torn and a half round the body of the pilC| which has uniform tliloknosi of 
metal 1| in. 
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Bowstring Girders, Strains,— The calculation of the strainB upon the varions parte of girden 
which have one or both of their flanges curved, ia much more complicated than tiiat belOTigmg to 
the class of structures we have been considering, in which both flanges are horizontal. Thu 
is chiefly owing to the continuous variation of the angle of inclination of the curved flanp, 
as well as of the diagonal bars in the web. In addition, by reason of ite fonn, the girder 



681. 



682. 








683. 



684. 



686. 



trenches upon principles which do not prevail in the horisEontal type of construction. It^ 
found that the rule in straight girders indicated a varying strain throughout the flanges, diminish- 
ing from a maximum at the centre to zero at the ends. The reverse took place m the web, except 
under special conditions of loading. With a uniformly distributed load, the diagonal bar« 
underwent a minimum strain at the centre, equal 
to zero, and a maximum at the ends, the amount 
of the latter being invariably equal to half the 
total load upon the girder, multiplied by the 
cosecant of the angle of the inclination of the bar 
to the horizon. These conditions do not prevail 
in the class of girders we are about to inves- 
tigate, but are almost completely reversed. In 
the flanges tlie strains become nearlv uniformly 

equal, throughout the whole length of the girder, .* * j * 

and the maximum strains of compression and tension occur in the diagonal bars, situat^l not near 
the ends, but at the centre of the span. In Fig. 686 is represented a bowstnug girder, witn a 
single system of trianguhir bracing. The span is 40 ft., the depth at the centre 5 ft., and tHe rate 
of loading 1 ton a foot run upon the bottom flange. It is required to find the strains upon tn© 
flanges and web. under all conditions of loading. In this case it is better to awCTtam the strains 
for each weight in succession, as the addition and subtraction of those of different sign, wiU 
determine the strains for a uniform load. When it is only necessary to ascertain the strains for a 
uniform loading, there is a readier and simpler means of determination, but in the case of a large 
girder it would bo necessary to follow the course we are about to adopt. The load at each apex. 
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lilfiitiiu Im ihit (liaMmin, w(U c<miioqnently be equal to 5 tons, and, upon the principle of the lever, 
llilM will Ittt iiHiiBluiUHt io «aoU abutmeut, in portions in the inverse ratio of their oarrespondiiig 

5x7 

''••••♦• «• 1 1'l uii iMnmni'UiMi ^ith Uie 5 tims at the apex F*. Of this weighty — — - « 4-375 tons 

Mill U' iMttiMiKMiMl Ui tho iiduluu'ul A\ luul the rest, or 0*625 ton, ccmveycd to A. It ia with this 
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Utter weight we aie at present oonoemed, as it represents tlie vertical reaction at A. It is finally 
conveyed to the abutment by the portion of the upper flange represented bv A B, and on arriving 
at A, is retisted by the whole of the lower flange in general, and by the last bar of it, A F, 
in particular. The first step is to produce all the separate bars A B, B C, C D, D E, E E' of 
the upper flange to any convenient length, as shown in Fig. 686. Although, practically, the 
curve of the upper flange is an arc of a circle, yet for all the purposes of calculating the strains it 
is regarded as a polygon, the sides of which are obtained bv joining, by straight lines or chords, 
the respective apices of the triangles. The scale upon which Fig. 686 is drawn is almost too 
small to indicate the difference, but the left-hand half of the upper flange is shown as a polygon, 
while the ri^ht half is an arc of a circle. Where an approximate meUiod, by the usual formula for 
horizontal girders, is employed for determining the strains upon the bow and the string, tlie upper 
curve is considered to be a parabola. The weight of 0*625 ton being the vertical reaction at A, 
make A a equal to it upon any convenient scale, and draw a 6 to meet A B produced, a h and A 6 
will equal the strains upon A F and A B, due to the portion of the weight at F', which is 
oonveyed to A. The strains upon B 0, B E, and P H are now required. Upon A B produced lay 
off Be = A 6, draw c c* parallel to B F to meet B C produced ; B (/ is the strain upon B C, and c c* 
that upon the bar B F, the former being compressive and the latter tensile. If c c' be now laid off 
upon tne bar B F, and cd drawn parallel to the lower flange, then c d will equal the strain upon 
FH, and F d that upon the bar FG. The total strain upon F H will equal a6 + cd. The strains 
upon C D and H may be obtained &om those already found for B and F C, and there are two 
methods of determination. They may be deduced by taking the strains upon B and F G 
a^iarately, and resolving these in the directions of G D and G H, or by first finding the resultant 
of the former strains, and then completing the parallelogram of forces. To find the strains upon 
G D and G H, plot off upon B G proauced, the length G 0' = B c\ and from e' draw iff |>arallel to 
F c and equal W d, A line drawn from G to /' would represent the resultant of the strains in B G 
and F G. From the point / draw f^ parallel to G H, and G g* represents the strain upon G D, 
hjAfg' that of tension upon G H. Making H/ = f^ draw fg parallel to the lower fiange, and 
fg gives the strain upon H K, and H g that upon the liar H D. The totfd strain upon H K equals, 
consequently, a6 + c<f + /^. The determination of the strains upon the remaining bars, due to 
the reaction of a weight of 0*625 ton at A, is merely a repetition of the method already described, 
and is shown in the figure by the dotted lines. The action of the weight at F' is now acoountea 
for, and we may proceed to consider that of the next 5 tons placed at H'. The portion of this 
weight that is transferred to the abutment A is equal to 1*25 tons, or exactly double that resulting 
from the action of the weight at F'. The effect of its reaction at A will therefore be just double 
that of the former weight, and it only remains to double the strains already arrived at. SimUarly, 
for the weights situated at the apices K' and L, all that is necessary is to multiply the strains 
already found for the weight at F* by three and four, and we have those for these two other 
weights. No sooner do we come to the weights situated at the apices upon the other side of the 
centre of the girder, than this rule no longer holds for all the parts of tne flanges and web. To 
consider the flanges first, and the weight at K. This weight, smce its reaction at the abutment is 
fi^^ times that of the weight at F', will affect the upper flange from A to £, and the lower 
from A to K to five times the extent of that weight, ana the strains can be inserted in the table 
upon thoee parts of the flanges situated within these limits. The strains upon E E' may, however, 
be readily arrived at by inspection, as it is evident that the weight at K affects these parts of the 
girder to precisely the same extent as those at K', the corresponmng apex upon the opposite half of 
the girder. The strains upon the centnd portion E E' of the upper flange may be at once written 
down, since the remaining strains from the weights H and F equal those already found for H' and 
F'. All the strains upon the central part EE' of the upper flange having been calculated, 
it remains to determine those upon the remaining parts of both upper and lower flanges, and upon 
the diagonals in the web. The effect of the weight at H has now to be considered. The strains 
upon A B, B G, and G D are obtained, as already explained, by simply multiplying by six the 
■trains upon those members due to the reaction of the weight at F', and therefore there remains 
to be determined the strain upon D E, due to tiie weight at H. This strain is twice that due to the 
weight at F. Draw E A'; nom E lay off Ea = 0*625 ton = the reaction at A' of the weight at 
F. Draw a a' horizontal, and a' 6' parallel toDE; then a' 6' is the strain upon DE from the 
weight at F, and twice this eauals the strain required. It only remains now to account for the 
■trains, upon AB, BG, GD, nrom the weight at F, to complete aU the strains upon the upper 
flange. The strains upon A B, B G are respectively equal to seven times those found for the 
weight at F'; to obtain the strain at G D, we proceed as for D E. Draw D A ; plot Dp as before 
0'^ Um; make pp* horizontal, and draw p'U parallel to GD, then />'H equals strain upon 
G D, thus completing the strains upon the upper fliftnge. The strains upon the lower flange are 
those upon K L, due to the weights at K, H, and F ; those upon H K and F H, due to the weights 
at F and H ; and that upon F H due to the weight at F. If we find the strain upon K L due to 
tiie weight at F, the strains due to the weights at H and K will be respectively twice and three 
times the amount This strain upon KL, due to the load at F, is equal to the line aa' in the 
diagram, and therefore the other strains are known. Similarly, the line pp* is equal to the strain 
upon H K from the load at F, and twice this is the strain upon the same part from the weight at 
U. IasUv, the strain upon F H, due to the weight at F, may be determined by drawing the 
resultant G A' and proceeding as before. This last resolution of forces is not given m the diagram, 
but it is precisely similar to Uiat performed at the apices D and E. The remaining strains upon 
the bara present no difficulty. To determine the strains upon the other ban it is only necessary to 
find that due to the weight at F, of which the othera are multiples. 

To ascertain the strains upon the various bars under the condition of a uniform load, it is only 
neoeesaiT to subtract the separate plus and minus strains, and the total will give the desired 
information. 

Instead of ascertaining the strains by prolonging the parts of the upper fiango, another method 
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may be employed, by drawing lines from each apex to one of the abntments, plotting npoo a 
yertical line the amount of any weight which is transferred to the abutment by that line, and 
resolving in the directions of the parts of the girder affected. When this method is adopted, it is 
only necessary to follow the action of the weight at the apex F or F', throughout the whole oi the 
giraer, as from this action all the other strains can be aetermiued. By this method the strains 
upon the parts of the upper flange are well checked, as the strain upon each separate part is twice 
determined. Suppose that we are following the action of tiiat portion of the weight at F, whioh 
is transferred to the abutment A', and have arrived at any particular apex A. Let AM, Fig. 687, 
represent the direction of the resultant at A, or the line joining the apex A with the point A' in 
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Fig. 686. Make A a = that portion of the weight conveyed to the abutment at A'. Draw a h 
horizontal and h e parallel to A G, then a b equals the strain upon E B, 6 « that upon the top flange 
A C, and A e that upon the bar A B. The next point is to aetermine the stram due to tne sama 
weight upon the upper flange F, the lower B D, and the bars C B snd C D. Make a = A a, and 
proceed as before, first drawing C N to represent the line of transmitted pressure. Then a d equals 
the strain upon BD^ dg that upon C F, Cd' that upon B, and C b that upon D. But to obtain 
the strain cd" upon the bar CfB, draw the line dd' parallel to AO. This line also represents the 
strain upon A 0, and consequently dd* = be. Thus, knowing the vertical component of the strain 
at any apex, we can determine the strain upon the two bars meeting at that point, and that upon 
the two separate pstrts of the upper fluiges, meeting the bars at the same apex. Another advantage 
of this method is that it gives the strain upon Uie different piE^ts of the lower flange at onoe, 
without the necessity of adding increments. 





Table Vli.— UrsAiNf 


1 OH FlANOB of BoWSTBOrO GlBDEB. 






■ ■■ ■ • A A 


Pvta of the Flaoge. 


Weifl^at 


AR 


BC. 


CD. 


DE. 


EE'. 


AF. 


FH. 


HK. 


, KL. 


F* .. .. 
H' .. .. 
K' .. .. 
L .. .. 
K .. .. 
H .. .. 
F .. .. 


+ 1-38 
+ 2-76 
+ 4-14 
+ 5-52 
+ 6-90 
+ 8-28 
+ 9-66 


+ 1-51 + 1-70 
+ 302 + 3-40 
+ 4-53+ 510 
+ 6-04i + 6-80 
+ 7-55 + 8-50 
+ 906 +10-20 
+10-57 + 510 


+ 1-95 
+ 3-90 
+ 5-85 
+ 7-80 
+ 9-75 
+ 6-80 
+ 3-40 


+ 2-45 
+ 4-90 
+ 7-35 
+ 9-80 
+ 7-35 
+ 4-90 
+ 2-45 


- 1-22 

- 2-44 

- 3-66 

- 4-88 

- 610 

- 7-32 

- 8-54 


- 1-48 

- 2-96 

- 4-44 

- 5-92 

- 7-40 

- 8-88 

- 6-45 


- 1-83 

- 3-66 

- 5-49 

- 7-32 

- 915 

- 7-80 

- 3-90 


' - 2-35 

- 4-70 

- 7-05 

- 9-40 

- 8-45 

- 5-60 

- 2-80 


Total.. 


+38-64 


+42-28 


+40-80 


+39-45 


+39-20 


-3416 -37-53 


-3915 


-40-35 



Tablb Yni. — Strains on Babs or thx Web of Bows^bino Gibdkb. 





BanoftbaWebu 


Wdght at 


BF. FC. 


OH. HD. I)K. 


KE. £U 


F' .. .. 
H' .. .. 
K' .. .. 

L 

K 

H 

F 


-0-20 
-0-40 
-0-60 
-0-80 
-1-00 
-1-20 
-1-40 


+0 11 
+0-22 
+0-33 
+0-44 
+0-55 
+0-66 
-5-70 


-0-29 
-0-58 
-0-87 
-1-16 
-1-45 
-1-74 
+2-4 


+0-27 

+0-54 

+0-81 

+ 1-0-$ 

+1-35 

-4-2 

-2-1 


-0-42 

-0-84 

-1-26 

-1-68 

-210 

+2-4 

+1-2 


+0-40 
+0-80 
+ 1-12 
+1-60 
-3-30 
-2-20 
-1-10 


-0-74 
-1-48 
-2-22 
-2-84 
+2-22 
+ 1-40 
+0-74 


Total .. , -5-60 


-3-39 


-3-69 


-2-25 1 -2-70 

1 


-2-68 


-2-84 



The maximum tension and compression upon any bar may be obtained at once by the diagram. 
Thns, to find the maximum compression upon the bar £ L, Fig. 686, make £ a equsl the sum of 
those portions of the weights situated at the apices between £ L and the abutment A', thai are 
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tniufened to A', uid prooeed ai deeorlbed. The nmrinmni ooiDpivsdon can bIbo bo obtained bj 
eatimatioii, fw the sum of tfae waights Mting upon the bar E L wiU eqnal 1 + 2 -j- 3, multiplied by 
the tmnAferreit portions of Ihe waight at F. 

Befetring to Table VIIL of stmina oD ban of the web, the comprealTe strain npon E L doe to the 

weight ntFU 0-74. The maiimum compreasiTB atrain id thereforo 1 +2 + 3 = C + 0-74 = 4-44 
tons, which ahould tally with the result of oompattog the atrain br algebntio addition of all the 
wpuwtu Btrajoa apon tne same bar. 

This inveatigation demonatiWea that the Teeolt of onrving the top flange of a girder, ia to 
relioTo the web of a portion of the sheoring atrain, which, in a horimntal girder, it alone reaials. 
Consequently, if the onrvatura bo increased mitil it assames a parabolic form, the top flange Ukca 
the whole ahearing strain if nnifbrmly distribnted, and there is none whatever on the web. 

BomtnM Girder. Practical £x<imple.~The aiMapie, Pig. 688. is a bowatriog girder erected over 
tho Ui»nd Bunoy Canal, on the Eaat Loudon Railway, by Hawkshaw. The span in the clear of 
UiemaiagirderaiBSOft., and the depth of the girder in the centre one-tenth of the apan.' It will 
be noticed that there are two syBtoma of triaagulalioo in the web of those giidera. The analyaia 
ortheatialnsnnon thia description of girder was madu on the assumption that there waa only ono 
senea of triangleo. The same method may bo adoptod in thU case, and the strnina may be oalon- 
latod for each aenea of triangles, or one syatom only may be snbjeotBd to analyaia, and the results 
dirided by two tor the actual itraia upon any partionlar bar. In the latter case, care should 
be takoi to select that system which will make the straiua a maiimnm. There aro tbreo main 
glrdera in the width of the bridge, the oontre one being made proportionally stronger than the 
other two, a* it has a greater share of the load to carry. With the eiception of a difference in the 
■outUngi the form of the three girclen is the samo. An elevation of half the oeatral inaia 
girder u shown in Fig. 689. Th« upper Mid lower flanges are oMnpoaed of plates, angle ironi, aod 




deep vertical plats*, in the nstial trongh form. The vertical plates are I ft. 3 In. deep, aud thna 
•IDnd abnndajit rivet space for the diagonal baia in the web. These are spaoed at unequal dis- 
tancea, varyiuf;&om 3 ft, 6 in. at the ^a of the girdertoSft. at tbeeentre. By this arrangement 
the angle which the ban make with the hnrimntal is msintaiQed oonitant. whereas, had tho 
>r diamonds been made all equal. I^e angle of each bar must have boon different. In targe 

the angle cannot be kept constant thronghont thi 

It will be observed that tho scantliugg of the di 
the glider, more than might be snpposed from the e 
&om the bet that the upper and lower flanges in Fig. 61 

therefoio the full principle of the bowstring girder docs ,_j. 

tho bars, which are all double, vary from 4^ in. x | in, at the centre to 7 in. x 1 in. at the ends. 
Both stmts and ties are plain bars. The former are so short bettreeo their supported points as 
not to be liable to bending action ; otherwise, the plain bar section is not the proper one for tho 
stmts of an open-web girder. An end phito ia riveted on at the inoction of the upper and lower 
flaogee. A plan of a portion of the upper Bange, Fig. 689, shows the manner in which the riveting 
Is amnged m the breadth of the flange. A cross section of one-half of tho bridge, Fig 090, indi- 
cates at once, by the manner in which the iron girders are built up, how ilmltod was the hindwsy. 
The cioes girders are of very peculiar shape, and the flanges of the tbiIs aro brought level with the 
top of the girders by means of I2-iu, balka framed in twtweea the cross girders, upon which thoy 
rest The main girders have double webs, but no cross bracing. Diaphragms of wrought-Iroo 
plates and angle irons are flied between the bars of the webs, both at top and bottom, Fig. 600, 
at tboae points where the cross girders are placed, to which they are rivetod. The cross girders 
are spaced at intervals of 4 ft. from centre to oontre. They are oonstmcled of angle Imns and 
plalea, and with the eiooption of Ihtax being deeper at the ends tliau at tho oenlro, are of the ordi- 
nary small plats-girder deacription. The longitudinal timbers or runners whioh carry the rails 
are 12 in. X S in., and are fixed to the cross girders by angle-iron knees. Castriron plato* nivur In 
tha space between rails. 



Tht Braced Ardi. — If for the wilid veb of the p1at« arch, of wlilcb pnctical exMnple* have been 
IciTeti, be subiitituted ao open web, we hare the braced Bi«h, or more pmprrlj the bnced rib, the 
aiBtiuclion between the two being precisely Muilagaiu tothtt between the two deKhptiona of ordi- 
nary girden. In the braced «rch we do not inclnde what li ti«qaeDtly bo tenued, narndr, a 



braced girder haviDg the lower flange cnrred and the apper horizontal, bnt an ardi o 
cnrved upper and lower flangea, connected logether bj a eroaa bradng. There are three general 
classea of braced orclies ;— Archee continuoui tbiongh the crown, and hinged onl; at the 
■prjngingg. Archea hinged both at the crown and at the springing Arches wUcfa aia con- 
tinnoua at tbe crown and fixed at the apringings. The last of these represents moet nearly 
the coireaponding solid or plate arrh, and is the deecription to wiiich we shall confine onr- 
setvei. It is the beet adapted for actual conatmction, although examples of the other claaaes 
are not wanting. There are, hnwever, very few examples of tlie braced arch of any class. 

Siraini upon the Braced Arch. — Tbe strains npon the braced arch may be calculated, either by the 
graphical method deecribeil fur other fonos of girders, or by the raeUiod of moments or section*. 
The most necfnl example in practice is tbe case in which the arch is fixed at both ends, and con- 
tinuous over tbe crown. The follciwing is the method by which Dubois calculates the stnina 
upon an arch of this description. This is by far tbe most important case of braced arch, as by the 
continuity of the crown and fixity of ends we obtain all odvantsigce due to combined stiength snd 
elasticity. It is also the moet difficult case For solution, bb the fonnulm obtained by a mathema- 
tical investigation are complex, and give rise to tedious snd laborioos oomputalions. A method 
combining simple analytical results with graphical oonstmction, similar to the preceding, will 
obviate these difficnltics. In the present case, as tieTore, the common intersection of the weight 
and the rcBctions lies in a curve, tbe innBtion of which maybe found, and the curve itself ptotted, 
for any given case. Bat this curve, or locus ILK, Fig. 691, lieing oonitmcled, in order to fltyl tha 
directions of the reactions, which now no longer jmsa thiongh tha ends of the am A and B, it ia 
_ .Q g^^ ^^ also construct the curve developed bj these reactions for ever; poailion of P 




w« Uv,.*™!*^*.'" ^^}x^ '^f^ rmctiona are tangent If, then, these two carrm are ooostractnl. 

we have only to draw through L. Fig. eyi, lines tangent to this enveloped enrve, and we have at 
inU^n^tL^.lTTi,'"^'"^,'/ J Vr- *",.'' hy"«>'vinK F along these line* can easily find their 
Wu> i L k iJr^ fi^r . , ?^ ■]l'' "' '!? ^^''™- ^™"'' •''"■"'"'■ are : In tbii case ws baw for 
lieu, i L K, Fig, 691, and for the small central angles a, Ihe equation 



L (... + ^')A, J' 

■i"8 as above, and fl' = _ = the square of mdius of gyradui 



, A being the aiea, and I 



BBID6E. 



259 



lUusiratitm of Method of SohUkm, — Ab an illostration, take a portion of a braced aroh, Fig. 692. 
We have fint to plot the npper coire or locus of m, for the given dimensions of the centre line of 
the arch. This coire once plotted, tben« fdr any position of the weight, we haTo only to prolong 
p to m, and draw a line from m to the end of centre line, if the arch is fixed at ends, c, being 
easily found from onr formnls above. In similar manner, we draw a line from m to the other end, 
or c^ Now these two lines are the resultants of the outer forces p, and by simply resolving p in 



ssa. 



nv 




these directions we have at once Y and H, while the moment at the end Mj = — H C|, positive if 

it tends to cause compression in lower flange, or n^;ative if it acts below the end, as c,. We can now 

easily find the strain in any flange, as D, whether the arch vary in depth or not, provided only it is 

symmetrical with respect to its centre line. Thus, for D, take the opposite apex a as the centre of 

moments. The moment of H, with reference to a, as shown in the Fig. 691, tends to cause tension 

in Dy while that of Y causes compression. We have then, representing tension by the minus 

sign, 

«^ . . ^ Moment of Y — moment of H 

Stram m D « z ^~=r i 

lever arm of D 

all with reference to a. If the result is negative, it indicates tension, if positive, compression ; if it 
is zero, the two moments are equal, and no moment exists at a ; hence a must be a point of 
inflection. H and Y must be taken as acting at ^, Fig. 692. We can evidently conceive tnt«e as 
acting at the centre of the end cross section, if we take into account the moment H c,. Similarly, 
for C we take b as centre of moments, and then, since H now causes compression in G, and V 
tension, we have for Y and H, acting at ^ 



Straiu in C = 



Moment of H — Moment of Y 
lever arm of G 



For Y and H, considered as acting at end of centre line, we have 

Moment of H + H c, — Moment of Y 



G = 



lever arm of G 



taking G, without regard to its sign, but simply to the kind of strain it tends to cause in the piece 
in question. As when H is below tiie end C| is negative, we should have — H c, for moment, 
causing compression in G. Thus we may proceed till we pass P, which with its proper sign, as 
producing tension or compression in the piece in question, must also be taken into account, or we 
may instead take tbe moments of Y and H at the other end, that is, the same side of the weight as 
the piece itself. The diagonals may be similarly found by moments. It will, however, be best to 
determine them by diagram, one of the flanges, the first upper flange, being calculated in this 
case. They mav also be calculated from the resultant shear at any apex. Thus, for diagonal S 
find the vertical components of the previously determined strains in D and G. These vtTtical 
components, together with the vertical component of the strain in 3, must for equilibrium be 
equal and opposite to the total shear at 6. (filing this shear F, and a, /3, and y, the inolinations 
of D and 3, we have for the strain in 3, S^ = (F — S|, sin. a — S., sin. ^) cos, y. 

If either of the vertical components of the strains in D or G acta opposito to the slioar F, it 
must, of course, be subtracted ; if in the same direction, added to F. The momout H <*, is tho 
moment at the fixed end, and is constant throughout the arch for any one position of tho Umd. 
It causes tension in outer and compression in inner flanges, provided, as in tlie Fig., ^ fidl bolt>w 
the centre of the end section. This moment is increased, or diminished if ^ is abovi\ by the 
varying moment of H for each apex. The above method of detonuinlng the strains in tho 

8 a 



bTBc«d uch, though not rtrictlj graphioal, bnt lather ft oombJiuitiMi of wiklflicml and 
eraphical mclhoda, offera such a rend; solotion of this impoTtaat mnd dilHcalt cu«, that v« 
DAve not thoagbt it out of place to notioe it somewbat in detail. We oonaidcc it b; (ai Uw 
•implest and eaaieit method wbirh has ;et appeared. 

BTidfif ottr tkc River £■>*, 2-.is™f.«.— Tbift bridge, FiM.C98 to696, oonaiats of a Ught wrooght- 
iiOD arch of 190 ft. ipen, vith 20 ft. rim from the cbonf line to the under aide at the oaaln^ It 




springs off cut-iroD bed-platea 
leat upon brick Bbolments let ioio loe 
■olid rock. It ia composed of two 
arched riba, IS ft. apert from centre 
to centre, eech 4 ft deep and 20 in. 
wide. The tope and bottoms of these 
are constrnctcd of wroaglit-iron pUtfs 
and angle iroDx, oonnected together b; 
radiating pleref of T i">° "od <lift> 
gonal bmees of angle iron. The road- 
way is laid apon a line of nearljr Sat 
girden, rc'sting on the top of the arch 
at the centre, and extending to the 
abntmenta at ettch end, bnt carried 
between the«e points upon vertical 
wrought-iron oolomas, which stand on 
the tops of the ribs, being diagon- 
ally braced together with angle irons, 
together prodooing open spandrils of 
great strength. The ribs, spandrils, 
and railway girden are braced to- 
gether in every direction, Figs. 694 to 
«96. The bridge is 220 ft. m length 
on the roadway fine. The width of the 

Jkttform between the handrails is 15fl-, 
Ivided mto a footpath of 3 ft. 6 in, on each side, and a roadway in the oeotra. The weight of 
wrought iron in the briilge is 105 loos, or oader half a ton to the foot nm ; ttie weight of the cmU 
iron railing and bed-plates, IS tons. 

The mode in which tbis bridge was erected was considerably more novel than its constmctiOB. 
Uatiy flat girder- bridges have l>eeD constructed on pontoons, and floated to the piers prepared 
for Uiem ; bnt tliere is, pt-rhaps, no previon* instance on record of an arch being so dealt witk. 
The height of the roadway of tlie bridge is nearly 80 fL above the bottom of the gnroe ; the dq>th 
of water is about 50 ft. at high water spring tides, and the msh of water, when tlie river 
i* nddeuly flooded by stomu, is almnet irreaiKtible in its force. All theae considerations nnitnl 
to make the oonnlruction of a scaffolding ocraas the gorge impracticable, except at an eDonnon* 
ooat: and the engineers therefore decided to put tlio work togatber on a floating dook, aarj 
it to ils place, and deposit it on the abntmcnts with the fall of the tide. All pteliminaiy 
arrangements having been completed, the dock was swung round at high tide and secured between 
the Bbntments. At nineteen minntes to three o'clock the sieh rested on its bed, and at twelve 
minnteg past throe o'clock the dock, with the scaffolding, floatod from beneath, leaving the areli 
flrmlv WGdf;od in its permanent position. 

With regurd In the iron work, the bowa were riveted together in 12.rL lengths, and all the 

Iher patta in eqimlly ..-.-. - ._ .. . - ™ ■ 

each piece oompoa^l o 

Ibe exporienoo galnnl in the Coblenta Bridge, wbieh originally was pivoted at the abutmant^ 
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vonld indicBlBihal the ercttfeel adTuitese is obtuned hj maldiur tlie biMed «ich oontUiQCiiit M 
the crown and fixed at tbe enda. Afler the erectian of tlie OoUenti Bridge it WM eonaidttrod 
adTinble to Uock np the &kd, and thus ▼irtaallj to fix the arch at the ahatmenta. 
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of a eoaple of ahear legs, pivoted at the npper end to the ftii'dcra, and at the Irmar Hid Ut i\m 
maaonry foondatiooa. Ezpanaion and oontnuction of the mt'talUc Mipc^rNtnicttiro thtia caiiiKf tmly 
a alight inclination of the pien from the perpetidicaUu', without inducing any Umding nirtim'n mi 
the ironwork. The fiah-heUied giiden, it will he teen, can tjo made aimilar at isat^U pi<?r U^'UiL 
whatever the arana may be, and therefore the detail ia aimpler tlian would ho i\ui eumt, H imrulUd 
girdera of deptna aoitoole to the respectiTe apana were adopted. 

Bridges of Sted, — ^The nae of ateel for bridgea ana gir<k'ra wfll iKff/fre 1/mg \m mnu^rnWy 
allowed, eapecially when thoae atmcturea are of magnitu^le. Th» »i><'«ifle wi'itfiil t4 nf^ <'l U \trn4'' 
tically the aame aa thai of wroagbt iron, bttt it ia tbe much H^Xust eapuMJlhr tit U*ii^r\nn atratn 
wherein conaiata ita diief ralne, and ita applicability to e^/tiatruciii/na of a lAut utsft^i y<ft 
attempted. 

It may be admitted that 12 to 15 tooa a aq. In, In a mfa ^it/mpr'nt^iva wtfrUUtg; atraln, wiii;n Um 
material u not permitted to deflect. When in iU't f<mn at a wtVui {/illar, t)>« atr^iiKtb *4 mM uUi\ 
doea not exceed 1{ timea thai of wroagfai-iroD ; tiut thi« la atill o|M'Ii to Jri^|(jiry« ari'l it w</fiM wA 
be actually aafe to adopt kn ated piUaiv a greater k>ad than 60 p«r drnt uuna i\mn U/f a mwiimr 
aeciton of wrought iron. 
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The Admiraliy tests for steel plutes are as follows ; — Tensile btrain a sq. in. ; lengthways, 

33 tons ; cross ways, 30 tons. The tensile strength is in no case to exceed 40 tons a sq. in. For Uie 
hot forge test, all plates of 1 in. in thickness and under sliould be of such ductility as to admit of 
bending hot, without fracture, to the following angles ; — Lengthways of the grain, 140^ ; across the 
grain, 110° 

For the cold forge test, all plates of the thickness stated should admit of bending cold, without 
fracture, to the angle given for each thickness. With the grain ; 1 in., 30° ; f , 40° ; f , 50° ; |, 60° ; 
h 70° ; ^y 75° ; 1, 80° ; -jV, 85° ; ^ in. and under 90°. Across the grain ; 1 in., 20° ; f 26° ; |, 30° ; 
I, 35° ; I, 40° ; X, 50° ; |, 60° ^, 65° ; \ in. and under 70°. The edges should be drilled or sawn, 
and not punched, in cutting the sample from the plate. In other respects, they should be treated 
as for wrought iron. Steel rivets are very brittle, and it is usual to unite steel plates with iron 
rivets of larger size than for iron plates. 

The British Association Report, 1878, on the use of steel for structural purposes, recnrnmendB 
that the employment of steel in engineering structures should be authorized by the Board of Trade, 
under the following conditions ; — That the steel should be cast steel, or steel made by some process 
of fusion, subsequently rolled or hammered, and that it should be of a quulity possessing consider- 
able toughness and ductility. That the greatest load which can be brought upon the bridge or 
structure, added to the weight of the superstructure, should notproduoe a greater strain in any part 
than 6^ tons a sq. in. But the Committee do not limit the ooemcient to this value in railway struo- 
tures generally, as cases will arise where steel of special make and greater tenacity is required. 

This is in accordance with the suggestion of D. Adamson, that a harder kind of steel, havinj:^ a 
tensile strength of 40 to 50 tons a sq. in., would be better adapted to the purposes of bridge 
building. 

H. N. Maynard, in a paper read before the Iron and Steel Institute, in 1879, states that in 
practice it is better to specify, in regard to the resistance of steel, that it shall be from 36 to 41 tons 
a sq. in. in tension, with a contraction of area between 35 and 45 per cent., and elongation of 15 per 
cent, in 8 in., and that it shall bear punching a ^in. diameter hole, f in* ^m edge, without injury. 

Working upon this specification, the results are verified by the following seven examples taken 
from inspection reports ; — 

No. 1 Test. — 3 in. by 3 in. by ^ in. Breaking strain a sq. in., 41 * 095 tons. Bednction of area, 
43 per cent. ; elongation in 8 in.. If in. 

1^0. 2 Test. — 4 in. by 3 in. by | in. Breaking strain a sq. in., 39*304 tons. Bednction of area, 

34 per cent. ; elongation in 8 in., 1| in. 

No. 3 Tcst.-;-8 in. by f in. bar. Breaking strain a sq. in., 40 * 469 tons. Bednction of area, 34 per 
cent; elongation in 8 in., 1-j^ in. 

No. 4 Test. — 8 in. by ^^ in. bar. Breaking strain a sq. in., 38*125 tons. Beduotion of area, 
34 per cent ; elongation in 8 in., If in. 

No. 5 Test — 7 in. by ^ in. bar. Breaking strain a sq. in., 38*379 tons. Reduction of area, 
52 per cent. ; elongation in 8 in.. If in. 

No. 6 Test. — Plate iV in. thick. Strain a sq. in., 38 * 006 tons. Bednction of area, 46 per cent ; 
elongation in 8 in., 1-^ in. 

No. 7 Test— Plate ^ in. thick. Strain a sq. in., 39*400 tons. Bednction of area, 45 per cent. ; 
elongation in 8 in., l\^ in. 

Such material may be fairly used at a much higher strain than that hitherto used for iron. 

For bridges of large span, or over 200 ft., lightness is one of the most important consideratiaiia, 
for smaller spans this consideration is of less importance. 

Having in a design for an iron bridge allowed for safety the usual margin of strength, it does 
not follow, if steel is taken at less than double the price of iron and capable of bearing double the 
strain that iron bears, that a cheaper structure is obtained, because the steel cannot be used through- 
out at half the thickness of the former, on account of the risk of some parts buckling and of coimaioQ 
rapidly destroying thin sections ; but, with a suitable combination of steel and other material, a 
structure cheaper than all iron or all steel is obtained. With a girder of the Warren typeTior 
a bridge 120 ft. span with a road at tiie Ijottom of the girder, and using for iron the Bo«tfd of Trade 
data of 4 tons a sq. in. of section, the sectional area required at the centre is 41 in. ; and at the 
end 12^ in. 

Constructing this girder in the usual way, and adopting a form of the top flange calculated to 
resist compression, it gives at the centre a section made of top plate 24 in. by 1 in., two sides of 
12 in. by ^ in., and two angles equal to 5 sq. in., giving in all the recjuired 41 sq. in of seetionai area. 

Dealing with the end section, and building a section that will join on to the ends of the former, 
it must be shaped to correspond, and the thickness only must vary; therefore we should have a 
section which has the top plate only ^ in. thick, and the sides and angles of ^ in. thick, prudocim? 
the required sectional area of 12^ in. lliese thicknesses are, however, too small in pracboe, and it 
becomes necessary to use a section which has i^in. plate on the top, and the other parts } in. thidc, 
making together a sectional area of 20 '7 in., or 8*2 in. of section more than is required. 

Proceeding in a similar way to build with steel, having, say, double the strength, or 8 tona, as 
the data, instead of 4 tons for iron, at the centre we may make a section, using the same external 
dimensions, but half tlie thicknes.<«, withnut any practical difficulty ; but towards the ends of the 
girder, the strain requires a section somewhat le^s than ^ in. thickness, and becomes pmotioally 
useless, so that there is the necessity of adopting the most practical section, containing 20*7 in. of 
area where only ij\ in. are required, the latter being 14 in. in excess of what is neoeasary to 
the strain at that purt 

Therefore, while suitable steel remains at a higher price a ton than iron, there is a 
advantage in using all steel in such a bridge, on the score of economy. 

In order to overcome this difiiculty, 11. N. Maynard has recently oonstnicted steel bridges. 
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haTing a combination of materials so arranged as to meet the strains and give the desired results in 
the following manner ; The proportion of steel being about half the total weight, the remainder is 
made up of the best Lowmoor or Yorkshire iron, capable of bearing a slightly increased strain oyer 
that of ordinary iron, tlie result being less costly than either all iron or all steel. 

The bridge. Fig. 700, was designed by Major Adelskold to meet very peculiar conditions* 
The distance to be spanned was no less than 187^ ft., and this not only over a yiolent stream* 



700. 




but just at the point where a torrent begins to fall over a Icd^e of rock of great height It 
was out of the question to think of erecting any intermediate support In order to throw 
the bridge across, it was necessary to lift the girders over bodily, and they were therefore 
made 98 slight as possible. Iron was rejected as the material of construction, and puddled steel 
from the works of Surahammar, in the north of Sweden, was employed. The bridge was oon- 
strocted at Bergsund's Works, at Stockholm. The dimensions were calculated for a working 
strain of 8 tons an inch, every portion having been tested to 16 tons a square inch before being 
put in position. The total weight of tiie structure was barely 50 tons. An iron bridge of the 
same dimensions would not have weighed much less than twice this amount, and its co&it would 
have considerably exceeded that of the steel bridge. The method adopted to throw the girders 
across the fall was very simple. Two large derricks were erected, one at each side of the torrent ; 
each derrick consisted of two spars set, one up, the other down btream, resting on the foreshore at 
the foot of the abutment, and lashed together at top. Guy ropes extended buck from these spars 
to anchoring stakes driven into the ground ; by these the derricks were supported as they leant far 
over the stream below. A cable was passed from the end uf each girder, through blocks suspended 
from the derrick, at tlie opposite side of the entrance, and by hauling on thi^s the girder was partly 
raised and partly hauled across to such a distance that the other derrick could take firm hold of 
the remaining end of the girder. Nothing then was required but to raise the girder and drop it 
into its place. 

The 6amt Louis Bridge, — The finest specimen of a steel bridge is to be found in the St Louis 
Bridge. This great engineering feat of bridging the Mississippi at St Louis occupied six years, 
and is probably unrivalled. 

The clear width of the river spanned by the St. Louis Bridge is 1622 ft, and this space is divided 
into three openings by two piers, occupying together 108 ft., leaving a clear span for the centre 
arch of 520 ft., and for the side arches ot 502 ft. The rise of the centre span is 51 ft 6 in., and 
of the side ones, 47 ft 10 in. 

The execution of suitable foundations for the two river piers, one 145 ft. and the other 174 ft. 
in height from the rock to the under side of the roadway, was a work of great magnitude, increased 
by the difficult nature of the bed of the river, and the violent scouring from Uie undercurrents 
constantly taking placOj and shifting the positions of thu sand overlying the rock. 

The dimensions of the base of the eastern pier are 82 ft. by 60 ft., and the western pier is 82 ft. 
by 40 ft, and both were sunk in caissons through 78 ft. and 50 ft. of sand respectively. These 
caissons contained air chambers 9 ft. in height, the area of the chambers being equal to that of the 
under side of the pier, and the latter was divided into three compartments. The caissons are 
built up of timbers and iron eirders, the roof being mude of ample strength to support the whole 
mass of masonry above it, as described at p. 208 of this Supplement. 

Botli abutments were also built on caissons. The height from the under side of the foundntion 
to the top of the cornice is 196 ft. 9 in. on the eastern side. 

The cubic contents of this abutment is 11,860 yards, while the east abutment has 22,453 cubic 
yards, and the east pier 13,240 cubic yards. 

Altogether the total amount of masonry in the structure is 103,000 cubic yards, namely, 
10,000 yards of sandstone, 12,000 yards of granite, and 81,000 yards of magnesian limestone. 

The tubes which support the bridge are all made of crucible oast steel, and aru built up in 
lengtiia, each length being formed of six staves accurately fitting at the joints, and forming a 
circle 17^ in. diameter. These staves are then enveloped in steel ^ in. thick. The staves were 
tested for compression to 60,000 lb., and fur tension to 40,000 lb. a square inch, without permanent 
set, and the envelope was tested for compression and tension to 40,000 lb. a square inch without 
set, the ultimate tensile strength of both staves and envelopes being bet at 100,000 lb. a square 
inch. The lengths of tubes are connected by steel couplings, which contain the necessary provisions 
for the attachment of the different systems of struts and braces. 

The width of the upper or road platform is 75 ft., and gives accommodation to two spacious 
footpaths and four lines of tramways, while the lower platform carries two lines of mils. 

The prominent feature in the erection of this bridge was the absence of scaflblding in the 
river, except for a short distance adjacent to the piers and abutments. 

The b^-plates upon which the skewbacks rest, were bedded into the masonry during the 
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bnilding of the pien and abutments. After the skewbaoks and their connected tnbee were hoisted 
into position upon the bed-plates and anchor bolts, and firmly screwed down to the bed-plates^ 
measurements and observations were made to ascertain the amount and direction of vanation firam 
correct position. 

From these, the amount and direction of the changes necessary to bring each skewback and its 
connected tube into correct position, were determined. The changes necessary to correct the eirora 
shown were made by cutting out the holes through which the anchor bolts pass, and aUowing the 
higher skewback to drop the proper amount. The angular changes needed to correct both 
horizontal and yertical deviations, were made by inserting between the skewback and its bed-plate 
angular plates. 

Each span is oomposed of four arched ribs, respectively 16^ ft., 12 ft., and 16} ft. apart from 
centre to centre, Fig. 702, in which the two diagrams to the left are sections through A B and G D, 
Fig. 708, respectively. Each of these ribs is composed of two lines of tubes 12 ft. apart between 
centres of the tubes. The tubes are about 12 ft. long. The upper and lower members of ebch 
rib are connected together by a system of triangular bracing. The first or skewback tubes of each 
member are screwed into the large wrought-iron skewbac^ which in turn rest upon the bed- 
plates set into the masonry ; the whole being anchored to the piers or abutments by large steel 
anchor bohs. The tubes forming one line or member are rigidly connected at their ends by 
grooved couplings, Fig. 702, fitted to grooves cut on the ends. The couplings are made in 
halves with flanges ; through the centre of each and the ends of the tubes passes a taper pin-bole 
for the steel pin, upon which the braces and cross stays are attached. 

Many particulars, which were afterwards carried out in the construction of this bridge, are 
given in the description of Boebling*s system, at p. 702 of this Dictionary. 




703. 

Starting from the skewback tubes, all four ribe were simnltaneonsly erected as far as the tenth 
or eleventh tubes, Fig. 701. Here the outer tubes were discontinued, and only the two inner ribe 
carried to the centre. The ribs were connected and stiffened bv their connecting struts and tension 
rods. At the central panel, these long semi-arches presented a rectangpilar cross section aa al 
G D, Figs. 702 and 703, about 12 ft deep and 12 ft. wide. 

The standard of temperature to which the computation and measurements were referred is 
60° Fahr., and the curve of the finished arch, under its permanent load at this temperature, 
was taken as the normal curve of the arch. The insertion of the tubes in the first span was the 
most difficult For this span, two sets of tubes were prepared ; one s similar in construction to thoao 
composing the arches, and made of the exact calcalated length of the central space ; the other x 
differing from these only in that thev were fitted with an internal adjustable screw, by means of 
which the tubes could bo lengthened or shortened to a limited extent, in case there should be 
found any errors in the measurements of the span. Fig. 702. 

Tbc screws in the adjustable tubes were made from forged wrought-iron rings 18 in. long, 
15 in. outside, and 11 in. inside, diameter. The screw thread was right and left handed on tho 
different ends, square, and -^ in. deep ; the pitch was | in. In the cylindrical part of the screw 
between the right and left threads, six holod 1^ in. in diameter were bored, for the purpose 
of passing rivets to fasten the stool rings, which were to fill space A, Fig. 702, after the tubes 
were screwed out to proper length, to make a solid steel connection throughout the tube. Tho 
screws had been prepared of this form, with the expectation that they would only be needed 
to lengthen or shorten tho tubes before they were inserted ; the forcing apart of the arches with 
these screws had not been anticipated. They fitted well, and required a moderate power to turn 
thein, even without any pressure against tho threads ; and with any strain of either oompreasion or 
tension upon tho tubes it became very difficult to move them. After the inner ribs were con* 
nectod tho cable strains wore reduced so that there was only about 160 tons strain on the main 
cables. Then the erection of the outer ribs was going on, and this threw the additional weight of 
these outer ribs upon tho inner ribs. Efforts were made to turn out the screws in the first arch 
by melius of l)ar8 inserted in tho holc8 of each screw, connected at the ends in a wheel form, fiul 
slow and Hli^ht progn.vss was made, as tho bars were coustantly broken. The tubes, fastened at 
both cuds by their couplings, were subject to strains of compression and tension as the temperatoro 
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varied. Only at the interral when these etnune were zero oouM any result be obtained in rooying 
the screws. To determine when this occurred was only possible by keeping a constant strain upon 
the bars. The great labour and slow progress led to two improvements which overcame the 
di£Bculty in the remaining parts of the arches. First, one end of the central tubes was left free 
by making a pin-ioint only. By this means no tension could be got on these tubes, and any 
opening or relaxation of compression at this loose joint, produced by contraction or expansion of the 
aiishes, according as it was a lower or upper tube, could readily be taken advantage of to set out 
the screws. The second improvement was the designing of a wrench to turn these screws, even 
under a high compressive staiin. These wrenches were made of railroad iron, and resembled in 
form an elongated letter A. Each foot was fitted with a T-shaped nipper, sufficiently narrow to 
enter the opening A, Fig. 702, between the bands of the tubes, whien in some cases was only 
I in. This wrench was about 7 ft. long, and acted by direct shearing strain upon a l-|-in. steel 
^n, passing through the screw and projecting sufficiently at each side for the nippers to catch it. 
With the use of the wrench, the power of six men on a double-geared crab^ oould be transmitted 
through a sixfold purchase to the end of the wrench. 

It would be quite possible to remove any part of the arches of this bridge, without the use of 
cables above, or false work beneath. For instance, a tube could be removed and anotlier inserted, 
with no risk to any part of the structure, and but partial interference with the traffic, by suspend- 
ing the rib from which the tube was to be taken upon the adjacent ribs by means of diagonal 
suspension rods. The adjustable screws could then be relaxed sufficiently to relieve the respective 
members from tension and compression, the rib disconnected at any point, and a new tube inserted. 
The temperature at the time should be considered, and all means taken to hold the rib in its 
position by struts and tie-rods, in order that it may not move from its proper place, and thus 
prevent or delay the insertion of the new tube. If all material were previously prepared, the 
whole operation would perhaps be possible within twenty-four hours. After the completion of all 
the ironwork on Span I. and most of the woodwork of the upper roadway, two tubes in the lower 
membns of ribs which had been injured during the erection, were removed and new ones 
inserted. At this time these ribs were practically loaded with their full permanent load, and were 
unsupported by anv cables. 

Tne removal of a skewback tube would be more laborious, but still possible. These tubes 
bein^ screwed into the skewbacks, it would be necessary to remove another tube first in order to 
obtain working room ; it would be comparatively slight labour to remove any other part of the 
arches. 

The tubes as well as all other pieces of the bridge were painted on all sides before they left the 
shops, but the interior of the tubes, and their joints, were thoroughly painted after the tubes were 
in place, by using a small spindle-shaped vessel such as would pass freely down the tubes beneath 
the steel pins, alwut 4 in. by 5 in., peiforated at the top and sides with mie holes, its bottom filled 
with lead, the whole set upon rollers, and fastened by a movable joint to a gas-pipe in 12-ft. pieces. 
This apparatus was first forced down the whole length of the tubesj joint by joint, until it reached 
the skewback, and then attached to a force-pump by flexible hose, and thin asphsJtum varnish 
forced down the pipe. A steady spmy of the paint was projected against the top and sides of the 
tubes, and the surplus ran down along the bottom ; the pipe was slowly withdrawn, the pump 
being kept at work. This sprinkler was replaced by a simple gas-pipe, closed at the end 
and perforated on all sides with numerous fine holes, tneir aggregate area being proportioned by 
experiment to the capacity of the pipe, which was 1 in. in diamet^. This method was wasteful ; 
but it allowed the mixture to penetrate the joints of the staves, screws, and backing, and protect 
them from the attack of water, to which they would bo most exposed, should there be any leakage 
or condensation within the arch tubes. 

A 30-ton locomotive at different positions of the centre span produced these results on Bib B. 





Engine St 


Deflections in Inches. 






At Joint 11. 


At Centre. 


At Joint 33. 




• 


West Quarter, Joint 11 .. .. 

Centre of span 

East Quarter, Joint 33 


0-616 

0-216 

-0-024 


0-12 
0-6 
-0*012 


-006 
0*12 
0-72 




Similar observations were mode at other poi 
the following results ; — 


ints. The same load at different points produced 




Engine. 


Deflection in Inches at ( 


)entreof 






Spanl. 


SpanlL 


Span III. 






At centre of each span 

Moving 5 miles an hour 

>» »" i» f» .... 


0-636 
0-5 

• • 


0-6 
0-42 

0-75 


0-636 

0-5 

0-75 

• ■ 
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Different loads, at different points, canse the deflections recorded in the following table ; — 



Loftd, allowing 16 toni for each Tender. 


DeflecUoQ in Inches at Centre of 


Loco- 
moiivet. 


Weight in 
Ton& 


PUced on Middle of 


Rib A. 


Rib a 


RibC. 


RibD. 


7 
7 
7 

»( 

14 { 
10 


334 
334 
350 
334 
350 
334 
350 
492 


SouthTrackof Span III 

»» i» »» " 

» »» » 1 

S ;; }sp«° 1 

North „ \ jj 

South „ / " ^^ 

»» >» n " 


2'48» 

2-8* 

2-48» 

3048 

3-48 
2-37 


l-84» 
215» 
l-8» 

2*892 

3-44 

•• 


l-33t 
l-37t 
l*27t 

2-616 

3-89 

•• 


0-83 

11 

0-82 

3- 
3-92 

• • 



• Loaded rib. 



t Rib parUy loaded. 



The greatest vertical deflection of Span II. when one-third was loaded with locomotives was 
1*43 in. and at the fourteenth joint; when one-half was loaded this maximum deflection wm 
1*67 in. and at the fourteenth panel, and when five-eighths was loaded, it was 2*25 in. and at the 
seventeenth panel. Tlie greatest negative deflection or rise of the same span when 12 of the 
44 panels were loaded was 0*63 in. and at the twenty-ninth joint With a load of 334 tons 
on north track of Span I., Rib C of Span II. raised 0*3 in. ; on south tract of Span II., Bib B of 
Span I. raised 0*12 m. ; on south track of Span. I., Rib B of Span II. raised 0*216 in.; and with 
the same load moving eastward over Span I., Rib B of Span II. raised 0*48 in. ; in each case the 
measurement being at the centre of the rib. 

After each test the load was entirely removed and observations made for permanent set, which, 
however, was not at any time visible, nor was any side deflection of the outer ribs under the various 
loads discovered. 

It should be carefully noted that steel does not work so freely and easily as wrought iron. It 
will not stand the same amount of forge and smith work, unless the operations be coaducted with 
greater care than is required in the case of iron. If steel be overheated, it is difficult to make a 
good weld. Iron rivets are frequently used with steel girdera. Tempering steel in oil nas the 
elTect of increasing both its toughness and limit of elasticity. It increases the latter quality to three 
times that of wrought iron, a most important consideration. The relative ultimate strength of 
materials is not the only point to be attended to by engineers. A material which, by its largo 
range of elasticity, gives ample warning before it undergoes final rupture, is to be preferred to one 
which may possess a greater ultimate strength without the other valuable quality. 

See Carpentbt, Calculus, Dredger, Pile Driver, Strength of Materials, Vudcct. 

List of Books on Bridges. — Baker (B.), *0n the Strengfths of Beams, Columns, and Arches,* 
1870. CargUl (T.), * The Strains upon Bridge Girders,' 1873. Rankine, • Civil Engineering,* 
1877. Raiiine, 'Applied Mechanics,* 1877. Dubois, 'Graphical Statics,' 1877. Fenwick, 'The 
Mechanics of Construction.' Hurst, •Tredgold's Carpentry,' 1875. Bow, * Economics of Con- 
struction,' 1873. Bashforth, 'Construction of Oblique Bridges,' 1857. Hart, 'Bricks.' •Booriree 
Treatises on Civil Engineering.' • Professional Papers on Indian Engineering.' ' The Engineer.* 
'Building News.' 'Engineering Journal of the Society of American Engineers.' UaskolL 
'Examples of Bridges.' Mattheson, 'Works in Iron,' 1877. Tarn, 'The Science of Building? 
Young, 'Strains upon Girders and Arches.' Fairbaim, 'Cast and Wrought lion Construction.' 
Barlow, * Strength of Materials,' 1867. Clark. 'The Pesth Bridge.' Kirkaldy, • Iron and Steel,* 
1864. ' Minutes of the Proceedings of the Institution of Clril Engineers.* Wood, ' Construction of 
Bridges and Roofs.' ' Transactions of the Society of Engineers.' ' Annalee des Pouts et Chausa^es.* 
Cotton, ' Manual of Railway Engineering,' 1874. ' The Builder.' Whipple, ' Bridge BnUding,' 1873. 
Shrei ve, ' Strength of Bridges and Roots,' 1873. Chanute and Morison, * The Kansas City Bridge,' 1 870. 

CAGES. 

The vehicles employed for conveying the loaded tubs from the bottom of the shaft to the surface, 
and the empty tubs &om the surface to the bottom, are called cages. They are made of wrought 
iron, or steel, and should be so constructed as to carry the largest number of tubs with the least 
weight of cage. A cage should be compact, so as to be easily guided in its ascent and descent of 
the shaft, and it must be so arranged that the tubs can be readily entered and removed. 

Tiie form of a cage will therefore be determined, first, by the form of the division of the shaft 
in which it has to travel, and secondly, by that of the tubs it has to contain. Both of th^e bdng 
rectangular, it follows that the cage will always have the same form. Its dimensions and carrying 
capacity will evidently be determined, first, by the amount of the output at the mine and the site 
of the shaft, and secondly, bv the power of the winding engines. Cages are generally constructed 
to carry two tabs, placed end to end ; but where the space in the shaft is restricted, the tubs mav be 
placed on separate floois, one above the other. Cages are known as single, two, three, or four-decked, 
according to the number of floors they contain. Where the output is large, cages of as many as four 
decks are emoloyed, especially at the coal mines of Belgium, which carry two tubs on each floor. 
The floor of tlie cage should oe provided with rails, to facilitate the running in and out of the tub« ; 
and the openings which are left for this purpose, and which are always sitaate in the shorter sides 
of the rectangle, shonld be closed by some kind of self-acting catch or hook, in order to keep the 
tubs in position during the time of their being transmitted from the bottom of the shaft to the 
surface, or from the surfiAce to the bottom. The best fastening for this purpose is one whidi acts 
by its tendency to maintain a perpendicular position. 
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Gnidcfl ue klways med in coajanction with e*ge*. in onlcr Uint the l&ttei nift; niUDt>in » 
regnlar motion in the ahaft, and Uma prevent thoae accidents which often oocnr with otlier ijgtemi 
of winding, bj the oorree or kibbles ouming in onataot with each other In the shaft When tigid 
wooden, or iion, gniilea arc nmJ, the guide cheeks mv plaocd in the centre of each of the shorter 
Bides of Ihe cage ; thej are formed of sheet iron, and should be aligblly liell monthal at each end, 
so as ea^j to slip over slight in equalities. With flexible wire-rope conductors, rings »re provided, 
at the ten and bottom, at eadi of the angles of ihe cage. The top of the cage shonld bo provided 
with aniron bonnet or roof, for the protection of petHOna riding in it The cage is saspended from 
the winding rope by short chains at each of the upper comers, and, in the case of heavy cages, fn»o 
the middle of the longer sides as well. 

A wide inni^n of strength most neceeaarily be allowed in drawing cages, and the parts should 
be stionglj pnt together. The dead weight of the cage is tlitrrefnre very conaiJerable, and consti- 
tutes an important item in the load to bo raised. This dead weight should be reduced as much as 
piisdble, while at the samo time pieserring tho strength and rigidity of the cage. Wronghtiron 
<»gea weigh from 5 to 6 cwt. when doeigiied to carry a single tub, and from 9 t-j 10 cwt. when the 
carrying oupacity is two tubs, whether the cage bo a single or a two-deckur ; while a t«o-deckcr 
page, constnicted to carry four tubs, will weigh from a ton to a ton and a quarter, or oven more. 
To tBduoe tlie dead weight of the cage, steel can be subslitut^^i for wmnght iron. 

Figs. 701, 705 show a design for a Binjrle-docked wrmiglil-iron cage, to carry two tubs; Figs. 
706, 707 a two-decked cage, to carry four tuba ; and Kiga. 708, 709 a fooi-decked tmgt, to carry 
four tubs. 
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Figs. 710, 711 areofa two-decked steel cage, to contain four tubs; Figs. 712, 7I3,a two-dooked 
ateel cage, to carry two tubs, and to be used with wire-rope ccnduolors. 

The guides, or conductors, in general age oonsist of lengths of timber, usviallj of Momcl nine, 
which are placed vertically in the shaft, and held in position by being flmily bulteil to cm«8 timliers, 
called buatons, which are placed at regnlar InterriilB tbronghout the depth of the shnft Thoao 
baiilons ore ulso of pine, and the^ are flrmly fixed into Ihe masonic of the shaft st intervals of 
•boat 6 n. The eeclional dimensions of the cross pieces are abont 9 by 3 in., and the guides about 
4 by 3 in. 

The system of guides practioally divides the shaft, or that portion of it which Is tfl sparl for 
drawing purposes, uito two compartments. In one of which the luudcd cage ascends, while in the 
other the empty cnge descends ; the arrangement of the guides may be varied in many ways, ao- 
cording to the requirements of the case. Oencrally only two guides are used lo ench caiie, one on 
each side, and these should be placed in the centres of the ends, or ahorti-r slilea, fur when in tbia 
pontion they impart the greatest smonnt of steadiness to the cage. Tho guides must of courao, 
extend tluonghout the whole of the distance traversed by the cage ; they rroch down to the floor of 
the levels entering the pit eye, and they should rise to the distance of a few foot above the mouth 
of the shaft. When tho guides are fixed in the middle of the shorter sides of tho rectangular aniDo 
in whiob the cage moves, and when, sa is usually the case, the tube are run off and on ftt tliosa 
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aldea, it bewnnea iiec«uttr; to work withont the icgnlu gnidea at tlw tmlnta whore tho a*ge la 
IcMded And nnloaded, and to provide an umngement bj meuu of wliich it msj bo gnided on (he 
other Bides. 

In some c«an bridge nils, and in otben angle iroo, tre tued instead of wood lor guide* ; but 
^•hKtevor the material etoploj'ed maj be, it la OMential that tbe guidsB be regnlai in wction, and 
the joinU between the aevetal lenetlu erenly and Siml j made. Iron will, howerer, in ooiueqaenoa 
of its oompantiTe want of eloatiaty, oause a gnater omonnt of jolting io tbe oage than wocd, ud 
importance, especially in rapid winding. 





In lAncnshite, and other Engliah Ditniaff diiatriota, tbe Kui^ea, or ooodDcton, at tber are mora 
commonly called, oontigt ofcont^uooA n>nnd ban of iron. These are flxed to stout baiha of timber 
at the bottom of the abaft, and are tben Ormly screwed to other balks sitoate at the top of the head 
frame ; tho cagoa in theae cases being provided with rings to run npoo the mda. instead of ths 
ordinaiT gnide ohceks. In msDj plaoea wire-rope conductors have been snbatitnted for these iroa 
rods. They are generally seemed in tbe abaft in the same manner as adopted for tbe iDds; bat 
•nmetimea only the upper ends are screwed to the balks, tbe lower ends being paaaed throngfa holsa 
in the timbers, and heavy weights attached to their free ends. Ttie advantage of this method is, 
that the gnides are kept Unt bv the weights, and do not thereliare require the ocmatanl fnperviaaa 
and screwing up which they otnerwise would. 

The relative merits of rigid and flexible guides constitnto a disputed qaastion among mining 
engineeta. The principal defeot of flexible gnides lie* in tbe swaying mi^on which is set up In 
them and in the cage, especially when the velocity in tbe latter is high and tbe depth of the shaft 
great. This swaying motion may be in a great d^ree nentralixed by tbe employment ti fonr ropes 
or liocs of condnctOTs, but on aooount of want of rigidity, extra spaoe abould be allowed in tho 
■baft, between the ascending and dcKwuding cages. To ensure safetj, tbej should not be allowed 
to pass each otber more nearly than 9 in, when moving in straight lines. 

Keeps or kepa oonaiat of a aeries of catolioa, arranged over tho mouth of the shaft, sad by 
nicaiu of which the cago is supported during the time that the 1i«ded tubs are being run off, and 
the empty tuba mn on. They project sligbtly over Ibe mouth of tho abaft, and are so arranged as 
to be lifted by the ascending cage, but iK'ing weighted they fall back into their proper position* 
directly it baa passed : the cage la then lowered on to tbem, and the operations of nubiadiiig and 
loading are conunenced. Wlien the cage is ready to descend sgHin to the bottom of the ahafl, it is 
flrgt raised a abort diatanoe above the keeps, and these ere then lifted out of the wav of the cage, by 
meana of a series of levers to which they are connected. These levers are generally attactied to a 
handle and worked aftor the manner of a railway switch, bat they are m " 
worked by tbe foot. The keopa being raised clear of the abaft, the cage di 
has poasod the koepa, they are allowed to fall back to their proper position 

A syatom of keeps may lio contrived in a variety of ways: dmplicity of cc 
of parts being tbe only essential cooditions in a design of this nature. One of the moat simple 
forms of keeps i> that in Fig. 714 ; while Fig. 715 is of another arrangement in which tho oatches 
are kept in poaitiuo by springs instead of counterweigbts, but tliis is not a good plan, a* firings 
arc more liable to fail in their action than weights. 

It may be remarked here, that when the cages posseaa mote than one deck or floor, the 
operations of raising and lowering upon the keeps have to be repeated for each of tbe levels ; and 
that thn arrangemGola at the bottom of the shsH are similar to those at tlie top. To avoid this 
ropelHion, however, tbe arrangement* •ometimee include a series of stages at the month of the abaft, 
and indinod planes at tbe bottom of tbe pit, by means of which tbe loading and the unloading of 
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the Esgw may be carried on at the dlfl^rent lareU at once. l)hU ti eapedftU j the cbbo in Belgium, 
where foDiMJeeked c»e™ *"> not unoominon. 

The aandenta which occur in winding oper«tioni are obiefly dna to one of two oauies, either the 
braaking of the winding rope, hj whii^ the c«|^ is precipitated to the bottom of the Bhnft, or the 
drawing of tbe cage over the h^-gear pnlle; b; OTerwiudlug ; and both of tbeae aocidenta are 




oRen attended with fotal consequences. In order to rednce theio aocidents u mnch aa possible, a 
Urge number of inYcntiooa have been bronght forward during the l&at quarter of a century ; hut 
tbongh mnch ingenuity has been excici«ed in tbcii conetructioD, no perfectly satiafbctory apparatus 
hai at present been introduced. 

These apparatus are of two kinds. The first, which are intended to prevent the acoidents whioh 
arise from tlie breaking of the rope in the shart, are called nfety cagea: while those which are 
deaigneJ to prevent the fktol consequeucce of overwinding are cnUod sa^ty hooks or catches. 

fa safety 1 ■' - - .._...».__ .. a , .. -. ., , ^ ., 



n safety aiges the m 



a the 



attached to the npe. It will thus be seen that the safety of the apparatus depends upon the 
frieUon exerted by the dutches npoe the sides of the guides ; and Uiis Qictton is ofteii eo great aa 
to completely destn^ the guides, where these latter are of wood. 

Against the use of alt kinds of safety apparatas there exist two greet objections ; for the 
iMUoDofac — "--■' ' ' "-^- '-'-' —'" -"— •-- '- — ' ■ J --' '-■■■-- — 



it of danger into the 
nined and kept in proper repair and working 
order, it will be apt rather to occasion than to prevent aocidents, by causing the cage to stick in the 
shaft, or otherwise interfering with its working. These appear to have been the opioiuna held by 
some members of a committee appointed by the Narlh of England Institute of Mining Engineers, 
in 1868-70, to investigate se to tbe value of safety cages and hooks. 

Tarions statements were, however, made by this oommitlfe as to accidents in whioh the safety 
d proved of value, shovring in such cases the action of the apporatos. 
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PrBTinOB to 1869 there had been' at tbo Vaoli, Outh, and WfDdham pits, two broben ropei. 
Od the Srst occnaion the cage waa 40 yards fiain the bottom of the pit, with two full tnba al coal. 
which blether witli the cage woiglied 45 cwt. ; the cage felt abont 7 or 8 ft., while the leven at 
tho safety catchos grazed the conducting rods, but no other donu^ waa done. On tba seoond 
occasion, the engine driver wound the cage up to the pnlley and broke the chain, when the 
apparetua came mto oper.ttion and no dairiEige waa done. On aoolhor occasion, foot men were in 
the cage being drawn ap the pit, the rope broke, the catches ploughed the wood guides for abont 
1 n„ aud then held tho cage faat, till the meu were wonud up bjr a capittaii rope. An expeiimeot 
was made by kepping the cage and atlowing six yards of slack rope on the pit aide of the pulley, 
and then knocking Ihe cage off, it slipped down 12 in., and waa held firmly. The eiperiment waa 
varied by allowing the slack rope to be on the dram side of tho pulley, tlie slack rope over the 
pulley prevL-nted the catches from taking firm hold of the rods, Euid toe cage with the tub, weighing 
altogetber 20 cwL. fell till suspended by the rope, the guides being split more oi less the whole 
distauce. Ou one occasion, while winding coal, one of the aide chains moke, and the cage waa sus- 
pended wilbont much damage to the guides, which did not require changing. On another occasion, 
while winding water, when tank and cage, about 40 owt., emerged from the sump, one of the aido- 
chatna broke, the catches slipped about i It., and out tho guideaneerlythrough.and split and other- 
wise damaged them, bo that they had to be replaced for about five yarda. Again, « bridle oliain 
brokeat one of the Wyndham pits, the lever entered the conducting rod and stopped the cage, which 
fell about 12 in., causing no damnge. 

With Ormcrod'a disconncctinji hook at Bunker Hill Colliery, the brakesman took up the cage to 
the pyilej with tbrre men io, tho cage was caught, and the men were nninjured; on another 
occasion, the deaceadiug cage waa allowed to go donn too qnickly, and the aao^ndiDg ODO ran up 
to the pnllev, when the rope was disengaged, and the cage suspended. 

Although this report iuclndos mention of several other systems, and other applicatjona of Ot4 
systems named, the provading statement is that no practical occnrrenoe has enabled the Oommittee 
to form an estimate of the value of the apparatus. 
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Owcn'i «fctj cage is shown in Figs. 716 to 719. Pig. 716 is a side elevation, showing Ih* 
maDner of attaohing the apparatus to tbe onge, and Figa.717, 718 are enlarged viewa of the details; 
while Fig. 719 shows the shiipeof the^wsofthe lovontasadapted for nso with wiie-mpe cmidui^tor*. 

A ara the guidoa ; B are tlie suspending rods: C levers to which iLe suspending rods are attwhad, 
and which, when the weight is oerried, keep the levers E from coming in contact with tho gnidca ; 



work of the cogo. Upon an examination of the fl 

rope breok^ the aprings D will force the leTera 1 ^ , ^_ 

nupended. Every time the cage ie on the keeps, botfi at tlie lop and bottom of the pit, the rope 
will slack ftcd tho appaiatna wiJI some into action, and prcse upon the guidee. 

Broadbent'B safety cage, Fig. 720. A are the guidaa; B the suspending chains ; C levers to 
which tho suspending chains are attached, and which, when the weight ia carried, keep the 
occentrio E from coming in contact with the guides; there is a spring for giving motion to the 
levers and ecoeutrioa E when tho rope bresks; F a wroughl-iroQ plate at siiie of cage to 
carry tho apparatus ; and G therframework of the cage. When the suspending rope breaks, the 
springs will force the eccentrics E against the guidea, and the cage will remain suspended. 
Every time the cage is on the keeps, both at the lop and bottom of the pit, the lope will shtck, and 
the apparatus will come into action and press npon the guides. 




Oalow's safety cage. Figs. 721, 722, differs somewhat from thoae jnst described, in that it is not 
dependent for iU action on any direct attachment to the rope. A the gnidee; B the suspending 
rods or chains ; E an eccentric carried by a shaft H, on wliich is also keyed the lever C ; D is a 
spring which is made to suspend the weight I, and keep the ecocntrics clear of the guides, so long 
as the speed of the descending cage does not approach that of a falling body. But by the cage 
falling, or through any sudden jerk, the pressure of the weight I on the spring D ceases to be so 
intense, and therefore the springUrts it, and sets in motion the eccentric E, which grips the guidea 
and prevents the cage falling. Tliie apparatus therefbre does not come into action each time the 
cage is stopped or restiiiK on tlie keeps. 

A side elevation of Kintc's safety cage is shown in Fig. 723. A is one of the guidea ; B B are 
the suspending chains ; C C levers to which the susrending chains are attached, and which, when 
the weight is carried, keep the lovers or eccentrics E from coming in contact with the guides; D is 
a spring on each side of (tie cage ; it ia nude of a sleel bar turc^ round at H, where it is carried 
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bj thesoBpending chalni, and the lower en ds are joinad on theleTen C; tbot the spring, when 
theatupendiiigcnaiiu are tant, keeps the eocenlrics Efamty from the guidoi, bnt when the Biupoiidiiig 
WMnnu gires way, it forces the leTera C outwards, oaumng the eooentrics E to seize the guides ; 
F Is a wrought-iron plate fixed to the side of the cage to oany the apparatos ; and O is the frame- 
work of the cage. Every time the cage ia od the keeps, both at the top and bottom of the pit, the 
rope will slack and the apparatus will come into opemtiou and press upon the guides. By altering 
tUo edges of the IcTsrs they can be made to suit iron-wire guides. 

Fig, 724 is of Denton and Whittaker's safety cage. A are the gnidea : B the BiiBp«Dding 
chains: O leren to which the suaponding ohaina are attached, and which, when the weight is 
carried, keep the levers E &om coming in oontHCt with the nides ; D are springs giTing motion 
to the levers and E when the rope breaks ; P is a wioughl-irun plate at tlie side of the cage 
to carry the apparatus ; G the fiamework of the cage : the springs D are bolted together with a stop 
H into the plate F, and the levers are so arranged that the stop works in slots I, which nf^olale 
the travel of t}ie levers. When the suspending rope breaks, the springs force the ecccmtnea E 
against the guides, and the oage will remain suspended. The apparatus will alio ooine into 
operation every time the cage is on the keeps, either at the lop or botUm of the pit. 



The following is a description of White and Qmiit's safety cage. Rg, 725 is • side elevatfon, 
and Fig. 726 an end view. A are the guides ; B suspending chsins, whioh are earriod lo » 
fa»r A, which passes through a gnide in a bow of F, wh^ is made strong enough to take the 
whole weight at the oage and is carnal by the stop b' at the end of 6 ; D shafts to which are fixed 
the qnadranta C, and the eoeentrics E ; and 6 is the framewodi of the oage. The aotiaa of tbi* 
i^paralns is similar to that of King's safety oege. 




lev^ to wh?h Jl,. ^ T- ^'S» '27. 728. A are the guides; B (he suspending rods; C 

S^.'I;^^1„''.^J','*.1;''J'":?" ^. ^"^ «>?*«.' ""J2 .">« K-idos i D i1 a powerfnlEring b. 

iglit-iron plate ol the side of the 



^^i Z^: ■«'P'"K "'" 'ovore E from oontact with the Kuidra ■ 
giHug mot«.n to the Uvct. E when the rope bwaks; P ii^a w^,!- 



cage to dwy the sppvatiu; O the fiamework oT the Mge ; I ia a ■biold, and K a atroag Ur for 




_„ — „— . --- — with wir^rope ooaductors, ia 

.JSahowi the cage attached to the winding rope, and Fig. 7S0 
the grip brought into action bj the breaking of the rope. In tlie figure^ A ia tho rramework of 
the eagfe : B cbaina for attaching the cage to the winding rope ; giiide-ro;>eB, and D gaide-rings 
attached to the cage, and through which the gnide-ropaa paaa ; E tLe grips ; and P a ateel 
■pring, which eDsoies the grips acting im mediately the rope ia broken. This grip liaa been largely 



pir apparent linbiJitj to releaae tbeir hold of 
a Budijen aback broagbt npon them. It u. 



conaeqnenoM of orerwinding. The; caiue the hook or link by which the cage ia auapended from 
tbe rope, to raleaw ila hold of the rope, by atrikinu; egeinat a portion or the framework of the head 
gear, arranged and placed at a certain height fur that pnrpogc : in this way the rope ia aavod from 
rapture, while the eefety of the cage ia left to depend on the ordimir; safety apparntua. In some 
Mnda of safet;-book, liowerer, tho cage is not only detached from the rope by tlie action of the 
book, bnt is at the same time euapeuded by it to the framework of the head gear, and its safety thua 
depends on the action of one apparatus only. 

The objecUon to appliaocoa of this nature lies in thcit 
the rope, when not required to do ao, as the effect of a i 
however, bnt juat to remark that hitherto no accident of this kind has vocuireu. 

In the following patagraphg we illuattate and deaoribe the most generally known and adopted 
of these appliaucea. 

Fig. Tdl i« an end elevation, and Fig. 732 a aide elevation of Ormerod'a diaconnecUng book. 
Fig. 733 abowa the hook of thia apparatos, disconnected from the winding rope, and hanging ao*- 
pended to the oonioal cylinder, which is attached to a beem near the top of the pnlley frame. 
The apparatuB when attached, as in Fig. 7S2, is wider at the bottom than at the top. When the 
hook i« drawn into the cylinder E, which is conical, tho points H, coming in contact with F, begin 
to oloBB the bottom, open out the top, and force the abacKle A &om its seat into the alot D, which 
•lIowB the rope to go free, at tbe same time the ahackle B ia forced out of its seat into the buttotn 
■lot Tf, and locks its^; and the cage, being anspended from the chain, cannot fall back again. To 
prevent the link from becoming dctaebed or deranged, at any time, in the pit, it is looked by the 
pioP. 

Calaw'a diaeonnecting book ia ahown in Fig. 734, attached to tbe winding tope and to tlie 
cage BB in work ; and Fig. 735 shows the same hook detailed. It ia made of steel, and held 
together by means of a slotted plate B. The weight of the cage rests on a pivot D in tlie centre, 
which pivot has a constant tendency to divide tbe apper portion of the hook. The instant the 
book comca in contact with the ring A, ahown in section, the slotted piste is forced off tbe lower 



liTels, cc The weight of the oage reniiig npcn 
. md thus pierenls OTerwindiDf. When rt »"""" 
e Blotted plate loneitodinallj. 
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King's diBcaonecling hook. Figs. 736 and 737. is 
ooTDpoaed of three piecea, B, B', and D, joined to- 
gether bf the pin 0. B and B' have liooka at F, 
which, when in the position Fig. 736, hook over 
the ihackle A, and Bccure tho cuge to Ihe rope; 
hut when the projeoting ends B B' preea against 
" ' * 'i is Buapcnded near the pulle;, 



thcyai 



'ig. 7^7, and diaconuect 



themselves from the shackle A. 

In Denton's ^ ,. v ■ " 

u an open link, with the bend or hook 
strong, to ensure its benting the requisite weight; 
B is a guard, to prevent tho ring of the rope slip- 
ping off ibe hook. The guard hne open slott, over 
wliii'b two lalclioB A drop, to keep the guard in ils 
place, thv latches biiiig betd down by two springs, 
one of which is shown at c, which bear on stiids A'. 
The parts A and B are jointed together bt d, and 
the tvo latclics coupled together, by tlie tail-piere 
t being insert<.'d between tliem, and all three riveted 
or boiled togsllier, as at/; in the event of the oige 
being overwound, previous to its going inte the 
pulley, Ihe tall-piece coming in contact with a cross- 
tieani, fixed for the purpose, will, bjr tumiag ou its 
joint g, lift the latch b off the slot, thereby remov- 
ing the impediment te the separation of A (tma B 
at the point a, and A having a shoulder at >', it fol- 
lows tliat when the latch A comes in contact nith 
this shoulder and the cage is still going upward, 
the tail-piece will be arretted by the cross-been, 
■od turn the portion A of Ihe slip catch over on its 
buck, when the rope-ring K must slip ont and leave 
the catehes and cage behind, 

Bryham'i disconnecting hook is shown in Figs. 
739 to 741. Fig. 739 is an end elevation ; Fig. 
7iO a tide clt-vat inn of the ^paratus in working order ; and Fig. 711 ft ride fiew, sliowtng the e«<a 
detached by oTi-rwindiog. A A are two wrought-iroD plalea forged with a altA B, te reoeiva the 
■hackle C te which is attached tlie caga D is a wronght-iroo disengaglDg plat«, forg«d with the 
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dot E, and fixed between the plates A A, and is kept in its working position by a sma]! brass pin F ; 
G is a wronght-irpn plate fixed in the head-gear framing, and having a large hole in it through which 
the rope works. Wnen the cage is raised too high, the^ hook, being attached to the rope, is drawn 
through the plate G ; the circular hole in this plate is' made of such a diameter as to prevent the 
hook passing through it without first cutting the small brass pin F, by pressing in the plate D, and 




738. 




T40. 



739. 



738. 



C' 



* 






removing the shackle C with its load from their working position into the slot B, which is thus dis- 
connect^ as in Fig. 741. To prevent the cage from falling down the pit-shaft, catches are 
fixed in the guides, go arranged that the cage in ascending raises the catches, and immediately it 
has passed them they fall into their original position, and receive the cage when disconnected from 
the rope. 

Figs. 742 and 748 are McGilVs disconnecting hook. A is the main shank, forged with one 
portion of the eye, in which the bridle B, with its roller rests. The clip closes up the eye, and 
is kept in its place by the spring D, pressing upon a pin at the end of the horns of the clip. The 
cross-bar E ooraes in contact with the flanges of the pullev, and cauees the eye-bolt to assume a 
diagonal position, the bridle B and its roller are thus brought on to the clip C, and the weight of 
the load overcomes the pressure of the spring D, the dip C assumes the position shown in dotted 
lines in Fig. 742, and the bridle with its luad is thus disconnected from the rope. To prevent the 
cage from foiling down the shaft, two catches are fixed in the timber guide-rods, acted upon by 
springs from behind. When the cage is ascending it forces the catches Wk, and the moment it is 
passed they resume ikheir original position, and receive the cage when it is relieved from the rope. 

Walkers detaching hook, Figs. 744 to 747, consists of a pair of jaws D, working on a centre 
pin £, in such a manner that the weight of the load has a tendencv to open the upper limbs, which 
clip the strong centre pin of the shackle A. The upper limbs are mrmed externally with jaw hooks 
F ; and the jaws kept together, and made to retain tne shackle pin by the clamp H, held in position 

T 2 



tij> the piua I. To oonneot the bode to the trinding rope, the pia P of the top ihacUo A, and fixed 
on to the eye of the rope b} Uie pioteiinsoiewad, uidtlie piu panedthion^theeyeofthe wtadiiig 
rope : the two tue thus comiecited without the use of ui iatermediate link. 



damp, aoming hito ooatoot with the bottom flange i 




jftwa are being pulled through, the result being Ibkt the pim 



sheftred oB, and the jaw books 



a the j»w hooks F, the n . 
ling, when, bf the action of tho weight of the load, thej are forcod'open, and so book od to the top 
of the snppoiting ring C, as in Fig. 747, the rope passing harmleesl j over the pnllc;. It wUl b« 
obeorvod that the uppDi odge of the ring C is carved, to match the sweep of the jaw booki when 
opening. By this arrangement shock is avoided. The rcocss in the ring is intended to meat an 
Imaginary ease, which eipertiueat sbowi to bo atmoat impoaaible, namely, that if the engine abonld 
be revoTicd after the pins I are cut, and before the hooka ttach the top <tf the ring, the jawi will 
then hook into the roccas, and the load remain suspended in perfect safety. 

The ting c should be firmly fixed in two stout baulks of timber, hollowed OQt to match tbs 
eitomal ehapo of the ring, as in Figs. 74S and 747, and the timben firmly boiled together. Tot 
an otdinary winding pit, fitted with two cacna, both the ringi ma^ be put into the same pieoea of 
timber. Ilie sbrengtn oi depth of wood uiider the bottom flange will be varied in proportion to lh« 



kmd the ringa win haTe to otnv, uid oore must be taken to have the «ppn»aheB to the bottom (f 
the ringa rounded oat snlQoieatly to clear the piojeotionB E of the oUmp H, u shown at S, Figs. 
74fi and 747. To enaore this ft rim Is left on the under aide of the bottom Oange ; tbia rim shontd 



the dowDwari preeeore ^ the wdght of the lotid. 

Runser ^^^ Ftlher's detaching hook OOUdsta ui two jmw hooks At '^kB' '^b muu t^:tt caa^ 
tained in a otst-steel box B of great strength ; tliese jaws aie separately bmi^ and mored. and 
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being shaken off either while the chains are ahiokened by the momentum of the cage or load, or by 
its falling back. 

King^ detaching hook, Hnmble's arrangement, Figs. 750 and 751, consists of two plates, shown 
by the dotted lines ; these are fixed between a framework of two out^ plates A, so as to »f^M^**> 
about a strong pin B, which passes completely through both the plat^ and the framework ; all 
of these four plates being for the greater 
pert of their length of the same width. 
When in operation holding the cage the 
grip is very firm. C, Fig. 751, represents 
a section through the ring or catch plate 
for disconnecting and suspending the hook. 
This plate should be firmly bdt^ on to the 
top side of oak beams, set at a proper dis- 
tance apart, and securely fastened to the 
head eear. The dimensions of these beams 
should be such as to allow of a wide margin 
of safety, over the load which they will have 
to carry, as before remarked. 

In case of overwindlDg, the whole of the 
apparatus is drawn upwfods until tlie pro- 
jections H come in contact with the guide 
plate 0, which presses them inwards, thus 
shearing the locking pin P, and forcing 
out the points E, at the same time allowing 
the top shackle F to escape by the slot G. 
The projections E then drop back upon the 
guide plate 0, and the cage is thus sus- 
pended, and, together with its contents, pre- 
served from injury. 

In order to prevent the possibility of 
overwinding the ca^e without using safety 

hooks, wining engines are often fitted with a powerful self-acting steam brake, which is biongfat 
into action as soon as the cage emerges from the shaft 

In an apparatus of this kind used at Clay Cross, Derbyshire, the ascent of the cage shuts off the 
steam, and puts in motion an ordinary brake, which stops the engine before the cage gets 3 ft. 
above the landing. Another plan is to use a pair of coupled horizontal engines, the steam being 
gradually shut off as the cage approaches the surface, by the automatic reversing of tlie working 
lever ; and the steam brake, if the cage ascends too far, is thrown on before the cage can reach tha 
pulley. 

CALCULUS. 

The term calculus, although generic, is usually applied to the mathematical methods more 
definitely known as the Differential and the Integral Calculus. It would be impossible to include 
in any one work a complete list of reduction furmuUe, applicable to all cases requiring this class of 
investigation, and the information in these pages has been confined to the descnption of the 
elements of the calculus, so far as are likely to be of use to the prsctioal engineer. Those who 
wish to pursue the subiect in its more abstract relations are referred to the various tezt-booka. 

Before describing the object of the calculus, it is necessary to point out the nature of the ideas 
on which it is based. The differential calculus deals with infinitdy small ouantities, or quantitiea 
which may be made as small as we please, and we may at any time take tnese quantities to be so 
small that, when necessary, they may be disregarded. Between any two or more limits an infinite 
number of terms may exist, constantly approximating to a subsequent term, which is one of the 
limits, but which is never reached. This idea is difiScult to grasp, but that it is feasible is 
illustrated by the following numerical example. Let there be constantly added to one term, say I, 
any number of terms, in such a manner that the term added is hslf that which precedes ; the series 
will go on gradually approximating in its sum to the other limit, say 2, but never attaining this 
other limit Thus 

never is equal to 2, although it may be brought as near to equality as we like, by continuing tha 
series to a suflScient length. 

A quantity also may be of appreciable dimensions in itself, but compared with another quantity 
becomes quite unworthy of appreciation, examples of which are occurring in everyday practice. 
Thus, the expansion by htat of an iron bar or girder may be inappreciable, except in only one 
dimension, that of its length ; and in calculating for the effects of temperature we may neglect any 
expansion except in this direction. The doctrine of infinitesimal Quantities, when regard^ from a 
practical and not from a metaphyfeical point of view, is thus not dimcult to gia^ and enables us to 
understand more easily than any other basis the applications of the calculus. 

The object of the differential calculus is, to aetermine how small changes in some variable 
qnaDtity, cause variations in the value of a quantity depending upon this variable quantity. la 
some branches of physics, by considering the variations experienced by a single molecSiIe, the total 
efifeot on the whole l>ody may be learnt. 

The integral calculus has for its aim to ascertain f^m the ratio of such changes, the governing 
function or law of these changes. Its object is therefore just the reverse of that of the differentiu 
calculus. 

Both the calculi differ in their operations from those of ordinary algebra, by dealing with 
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Tha defaminBB <if a <paaidty 7 ii|ion aaiDfefaer qnantitT r is expreiBwd by a formuKte ^ :s ^ 0^^ 
wad y m aud go b» & fimetioii «]f x; ami the eqomtioit may be wrtttea tiuik>r :& $iMMniX tofw y = "^ ^^c ) 
vkk-h doe» not teil ib» any thmy (if the fficaek mifttiDii antil tha di»finile ot <iDtermihatft> form U 
kanwii. .^ an unlumtBd nmnber •]£ dointioiis obat be ^buztd fior ^ s /' v-c'X thafi ocm oi tb^ stambi*:^ 
x; vJiiBiL JEBLj be <diotan at will is tanned the independimft vanitbW ^ad t xhfd dep«»udout vtiriable. 
In y = <t.s"/ J and im are •Tnfftmnt. beeuae if dkeoe ware to vanr, no ooa Jttliiufca law «x>uid «»v«»r b<» 
d etwin i iipfi dnm dia lefaoim cjf y to a There may ba^ huwavar, two or mora viuiablas tn^ 
X = / (^. 7X and die GMB onot inth Miwtinn if than are a sidioianli wimbar of tji^ua&umal i^iuuviw 
givBL tD dRtermfne the law. 

An anciL relationa admit of gnpltical fflnsfcratsnu thnstfaa ana of & »iraltel(>«:ram Japendii upon 
ita tRadtfa. and l<mgth, tiia contenta of a aolid apon an additloDal itartabla of wuitb. 

ff ifaa independent vadafaia of a fmctioii, smih aa tha abiicii«a A X ::? a Fik. 79^ id inofaiwed 
by an infiniteiy amafl. quantity X S = (ix,. termed tha <iiffifiantiid of a the onliutiW or ^(^^udimt 
mdable f = MP ^m— w s<4 and ia imspaaed by a GorTwpoiiditi^ ilidTeraDUal d j. 
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aqoare, d «», which latter we may neglect as we are w ooniuior « «* tpj, -».... -"/"7 V'',, '7,r''7";^^^ 
o?dx. the iqnare or y in inoreawd by 2(x d*), » being the tide A D. ThU gmphioally Ulunimldii 
the aimpleat example of differentiation. 



inside between the curve and ttw abiaian^iis. Sapposing P Q B to be ui inflnlteh bdbII right- 
angled triangle with the base PR =dx,aad BQ = dy, tbe angle QPR=FTH = a, aad 



n that tbe ratio of the difiaientiala dg and d» giTSs the 



Therefore, iabtan. = FHoot,PTH = ycota 



a cnrres A Pj Q, and A P Q, Fig. 755, sUo the ooTreBpondhig oidinatea have definite 
lelation to one another, and the relation between the diSbrentiahi B, Q, = N,Q, — HP, and B Q = 
N Q — M P ia the same, and will continue bo, howaTet manj time* the diagram maj be enlaiged or 
diminished with preserration of existing proportionft. 

Ify = u-)-'>. ortbeBumof two variablea, rf v = u + dii + v+ do — (41 + o>, or J(a + •) = ((« 
-i- df. That is, thediOeientialof tbe BUm of aeveial funotioniiaeqaaltotheBiiinof tbediflbren^la 
of the separate fonctionB. ThiB is diown. Fig. 755, by conBideiatiou of the oune APQ. If 
M P = /(i) aod P P, = anotbei function olxotf (i). 





re theanequal sides of arectangle,y — u c will represent the area, and t( y = (■ + du) 
(o + di)-"" = "" + u(Jo + iirfu+ +iludv — ut = udv + tidu + dudt) = udv+ (v + dt')du. 
And as dv compared to I is indefinitely small, we can put v + dv = b and (n + dt'jdit = cilii; alao 
udv + {t + dc)dti = udv + vdu = d(uc). The differential of the prodnct* of twoTuiablea ■• 
e^nal U> tbe snm of the products of each variable bj the diflTerential of the other. 

Bimilaily it maj bo fonnd for the differential of a quottent y = -. br putting « = « y, tiutt 



du = vdji + yde, anddy = - 



-Sdv , 



-TdP, 



Ifon tbe coordinate nies. Fig. 756, from the point A, at tbe distances xs ±laikdy = ±lw« 
draw the paraUels N X, M Y, and the diagonal Z through the point P^ ws shall be able by repeating 
this diagram on the three remaining quadranlal arcs aronnd A, to obtain all the cnrres given bj 



Ugn (ne puini r,, we bui 
aronnd A, to obtain a 

= 0, and f._ . . . 

iging according to the poaitioa at 

through a point P, whon codinBtas 



= 1, y = 1 or — I, consequently all these cnrres pasB through a point r, whose Mdinatoa 
= 1 and AN = I. Ifn^ 1, we hsTs all points in the line A Z. If a is erealer than 1. 
orree are obtained, and if n is less than 1. the curree wilt be concavs. If « is teken aa 



oidiaato axis, 
the quadrant, 

Vx = 
areAU 

couTex cnrres are obtained, and if n is less t . 

Tariable and is giadually decreased until It = 0, the ordinates approach the Taloe jr ^ >■ = 
the curve appioaches the abrupt line A N P, X, ; bnt it n Ib increased, y ^>praaebes x<o=xi = <jt, 
and T = u° = 1, the curve approaching AMP, Yi- If n = - 1, y = i ~', and tbe oorre appnacfae* 
the axes bat never reaches them, and its ourvature is convex or oonoave as a is sntaller or greater 
than onitT. If n is an entire odd number, y and a have the same Dgu ; if even, y beoosMa poaitiv* 
for all vaJnes of x. 
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Ifinjf = x~«,niBaii entiie odd nmnbGr, y and x haTO the same dgnB, and if n is an entire 
even number, every positive value of x has two equal values for y, one of which is positive and the 
other negative, and everv negative value of x has y imaginary or impossible. Ck)rrGflponding 
oorves are found only in the fint and third quadrants in the first case, and in the first ana second 
quadrants in the second case, approaching as m = oo, the values X, N A and X, N Y. 

These curves enable us to determine from inspection of any formula involving y = a^, the course 
of the curve in the special instance. 

From the formula d {x*) = n jt" ~ ' dar, the fonnula for the tangential angle represented by these 

CI 1/ d X x^ X 

curves is tan. a = —- = n»- i , and the subtangent = y -— = 



d y ««* 



— 1 



161, 





Y 








if 


X 


^^ 




^^ 


P 


^ 


-^ 




Y 



w 



d X 
When a straight line AO, Fig. 757, cuts the 
abeoisBa-azis at an angle O A X, represented by a, 
and lies at a distance O K, represented by n from 
the coordinate orig^ G, the equation of a point in 
this line is y cos. a — x sin. a = n, and oecause 
n = MB— ML, MBk y cos. a and M L = x sin. a. 

When aj = 0, y=CB = 6= —5- and n = &oos. a, 

co8.a ' 

and y oos. a — x sin. a = 5 cos. a, or y = 6 + a? 
tan. a. The lines C A and B measuring the dis- 
tances from where the line cuts the axes to their 
origin, are termed the parameters of the Une, and are 
usually designated by the letters a and b. As 

A = — a, tan. a =s ^^ = — - i and the equation of the straight line becomes y = 6 «, or, 

** *r 

A line, which lies at a determinate distance from the origin of coordinates, and to which a 
curve gradually approaches without ever entering into actual coincidence, is termed the asymptote 
of the curve. Some mathematicians consider the asymptote as the tan^nt to a point of the curve 
situated at an infinite distance, and under this form the equation admits of easy treatment bv the 
calculus. The angle that the tangent makes with the absoissa-azis can be learnt from the relation 

ton- " = Ti and the distance n from n^y cos. a a? — sin. a ^Cy^^x tan. a)co8. a = ^ '-^ = 

^* if vr / ^l+(tan.a)* 

/ 7rf ^\« ' ^^^^ ^^® value of x is substituted and y put = oo. In order that the converse 

may hold good, or that a tangent to an infinitely distant point may be an asymptote, when a? or y 
= 00, y = tan. a, or ycos. a — x must not become infinitely great. In the curves. Fig. 756, the 
abscissa-axis represents the conditions of tan. a = oo and n = 0, and Hxe ordinate axis, tan. a = 
and n = ; and these axes are therefore asymptotes to the curve of the equation y = x ~ «. 

The greatest value of the calculus to the engineer consists in the aid it aiTords, in the deter- 
mination of cases of maxima and minima, as well as in learning at what point changes of condition 
occur. After stating the principle, a few examples will illus&ate the subject sufiSciently to place 
in the hands of any ordinary algebraist a tool, the value of which he can at once ascertain for 
himself. 

If successive values of x be substituted in the ratio of the diffSorentials -^ which, it has been 

dx 

seen, is the formula for the tangent of the tangential angle, all the positions of the tangent to the 
corresponding curve are obtained. When x = 0, the tangent of the angle at the origin of the co- 
ordinates is obtained, and when x = oo the tangent of the angle for an infinitely distant point. 
By determining where the tangent to the curve runs narallel to either of the coordinate axes, because 
then one or other of the coordinates x or y have their greatest or least value, the maximum or 
minimum value of x or y is obtained. When the curve is parallel to the abscissa-axis, a = 0, and 
tan. a = ; when parallel to the ordinate axis, a = 90^ or tan. a = oo. Hence the following rule ; — 
To find the value of x corresponding to the maximum or minimum of y, put the ratio of the 

differentials ^ = 0, or = oo, and resolve the resulting equation with regard to x. 

The equation of the curve. Fig. 758, isysfix — 4i.x'4-x', and 

^ = 6 - 9x + 3x» = 3(2 - 3x + x«) = 3(1 - x) (2 - X). 

dy 
Putting 7^ s 0, 1 — X s 0, and 2— x = 0, orx = l and x = 2. Substituting these values in the 
ax 

foregoing formula for y, the maximum value of y or M P is = 6 — 4} + 1 = 2), and the minimum 

value N Q = 12 - 18 + 8 = 2. 

When a curve ia convex to the abscissa-axis, the differential of the tangential angle is positive ; 

when concave, the differential is negative, and when the differential of tangential angle = 0, there 

is a change of curvature in the curve, and the ordinate at this point is neither at a maximum nor at 

a minimum. 
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This refers to the differential of tan. a, and as -j^= tan. a, the expiesslon beoomes d (tan. a) a d 



dx 



( J- ), or to the differential of a differential ratio, termed by mathematicians the second differentiaL 

The obtaining of diiSsrentials of higher order than the first, or sacoeesiTe difierentiation, as it is 
termed, will be presently explained. 

Fig. 759 illofitrates a curve with a point of inflexion or change of cnrratnre, and Fig. 760 a 
cnrre of converse character. 




759. 



760. 





As an example of the application of the calculus to the determination of the conditions of 
obtaining a maximum, let it be required to learn the dimensions of a cylinder, which for a given 
contents Y has the smallest surface S. Denoting the diameter of the base of the cylinder by x 

and the height by y, the contents Y = - a^y. The earbuce or the area of the ends added to that of 

the cylindrical surface, 



The first equation \ = ■- s^y gives 

4 



2trx* 

8 = —J— -h wxy. 



4V 



» y = -J- or»«y = 4V«-*. 



Substituting this value otwxy, 



»x' 



8 = Y.+4Va?->. 



8 and X may be treated as coordinates of a point in a curve, and then 



Equating this to 0, 



tan. a= ^— = »» — 4V«*"*. 
dx 



»4:=-^or»a:* = 4V. 



This equation carried out with regard to as, gives x = V -^ , and the second differential or 



9 



d (, )=(''+'ia)^^ being positive, this value satisfies the minimnm conditions, or the height 

must be made equal to the width. 

As another illustration, let it be required to learn the dimensions of a cylindrical vessel which 
for a given contents will need the smallest amount of material. From the preceding, 



9X' 



and from this 



whence 



wx 
~2 



4V 

IF' 



a: = 2V — andyssjx, 



or the height must be only one-half the width. 

As a practical example, let it be required to find when the strain is at a maximum in a lattice 
girder. Let W be the weight distributed ; 8 the strain at centre of top and bottom fianget ; L the 
length of bearing of girder, or otherwise the span ; D the effective depth of girder : and s the dis- 
tanoe of any point from the abutment The formiUa given for 8 is 

^ (L«-««). 



W 

'dl 



2DL 

is a constant multiplier in all cases, and we may substitute for it the letter a. 

Then8s!a(Lx — «*). 
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Differentiatiiig, 



dx =a 



Putting this = 0,2az=aL,or2a; = L,orx=-orat half the span. Since the second differential, 
or differential ofaL — 2axi8 — 2a(, oris negative, S is in this case at a maximum. 




>y tne dinerential coefficient (ratio) 

Thus, the bending moment being expressed by B = W (2 a x ^ x*), the shearing force will be 

^® = W (2o-2ar) = 2 W (a - x\ 
dx X N / 

Suooessive Diffe/miiation. — ^By differentiating a first differential d, a second differential is obtained. 



\dxj cPy 



or --rt and as a third 
dx' 



Thus, representing the first coefficient by ~, the second becomes 

dx ' dx 

V d «'/ d* y 
resalt there is obtained — — or -^^ * ^^l these examples, c/'y, d'y, the indices are only 

symbols of the snooessiye differentiation as regards the numerators, but in the denominators the 
index denotes the actual power of x. 

And if y = a», 
*^®°|| = log..a .V; ^ = (log..a)«a';^ =aog..a)»a': ^ = Oog.«a;*«', etc. 

dx x' dafi X** dx*"^ X* ' dx*" x* ' dx^ ^ a?» * 

Ify = 8in. f, 

^^ dy d*u d*u ef*v d'v 

then—i^ = +008.*; :~ =- sin. «; —^ =— cos. ar ; ^ = + sin. x ; -r-^ =+ cos. x, etc 
dx dx dafi dx* dx* 

If m be the number of times of sncoessive differentiation, the following table will give the series 
that may be developed ; — 



Ify = 



X" 

X-" 
x» 

sin. M' 
log.x 
1 + x 
1 -x 



if y 



n (n - 1) . . . . [n — (w - l)]x»-" 
(-l>»n(n+l). . . .n + (m-l)x-C+-* ' 

(log. c ay* ax 

n" sin. (nx + imr) 
(«.)»-i (»i «. 1) (m - 2) . . . .3.2.1X-" 

2 (1 - x) - "+»i»(m -!)(/»- 2). .. .3.2. 1 



If y be a function of x which it is possible to develop iuto a series of ascending powers of x, and 
let h be any indeterminate quantity, then y=:A+Bx+0x*4-Dx* + Ex^ etc When x 
becomes by a small increment x + A, y becomes y* and 



A« d»y 



A» 



d*y 



A* 



^^^dx^<fx« 1.2^dx» 1.2.3WX* 1.2.3.4 



+ ela, 



which is Taylor's theorem ; or 

„. = „ + !», + _Lf^\. 



«• + 



irirs •©)*•+ ***- 



which is ICaolaurin's theorem. 

The value of the differential calculus, in this branch of mathematics, is not so apparent to the 
practical man, but to the algebraist the saving of labour will be at once evident. 

Integration. — ^The ordinates, Fig. 761, may be considered as consisting of an indefinite or infinite 
number of elements, not necessarily equal, because of their smidlnessi F B, G 0, H D, K E, oorre* 
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sponding to the equal differentials tfjr = AF = FL, etc, and when d y = f(x)dx^ y can be deter- 
mined by summing all the valnes otdy, obtained by sabstitnting snooessively in f(x\dx for «, dx^ 
2dx, fto., to ndx = X. This summation is the process of integration, and is designated by the sign 
y, summa, placed before the general expression 

of the differential the sum of which is to be 
taken. Thus for y = [/(dar) + /(2 da?) + 
/(3da?)+ .... f(x)']dXf is written, y = 



/■ 



f(x) d X ; and y is termed the integral. The 



mtegral is sometimes to be obtained by sum* 
ming up the series, but the simpler proceeding 
is to employ one of the rules of the integral 
calculus. 

Lot n be the number of differentials dx con- 

X 

tained in x, then x = ndx, or dx= -, and 

n 







Y61. 


1 


B 




£ 






= 


= 






n. 




K 






fi J 


y^ 






A 


/ 


'o'" 


B" 
















For the differential dy = axdx, 

y =fa xdx= adx (dx + 2da? + 3(/x + + ndx) = (1 + 2 + 3 + + «) a dx". 

When the number of terms n is infinite, the rules of the summation series show that for 
1+2 + 3 + 4 + 5 + » = in* and dx« = -, y =/axdx = ) ii«a- = 2- 

Whence the rule for integration ; — ^Add one to the index of the Tariable^ and divide by the 



index thus increased. The general formula for the rule is J x" d x = 
3ax9+> 



«+i 



»+l' 



Thu8/3ax*dxs 



3 



= ax*. 



A constant finctor or divisor may be remoyed firom the prooeas of integration, thus 

Jhdx =:bfdx. 

An additive or subtracttve term must reappear in integration in the form of an arbitraiy con- 
stant, thus /3 x' dx = X* + c. 

The signs of integration and differentiation neutralize one another, so that J* dx = x. 

These rules are clearly the converse of those given for differentiation. 

When the constant c cannot be detennined by mere integration, the process gives only an tad^ 
finite integral ; and in order to find the value of the constant, two of the corresponding values of x 

andy = J /(x)dx must be found. If forx = /,y = m, and yj'/(x)dx = c +/*(x), then « = c + 

/* (0, and y — m = /» (x) — /» (0, and the constant x = m — ^ ^Q. 

The determination of the constant leaves the integral stdl mdeflnite, for any value of x can be 
assumed. If the definite value m, of the integral corresponding to the definite value i^ of x, is 
required, this value must be substituted in the integral already found, or m, = m + /*(/,)— /■ (t% 

Thus, the indefinite integral y z=i f xdxs -^ gives for x = 1, y = 3, the constant c = 3 — | =s 



and for X = 5, y = 15. 



2 

X* 5 + x* 
2} ; therefore the integral y = J xdx = o + — = 

But the valne of x for which y becomes equal to zero is generaUy known, and in that oaee 

K = O ; so that any indefinite integral of the form J*/ (x) dx = /^ (x) gives the definite form 

m, = /■ (/j) - /* (/i). This can also be found by substituting in the expression for the function of x in 
^0 indefinite mtegral the two given limits, /, and / of x, and by subtracting the values found frnm 
one another. The process is represented symbolically by 



PVWrf*.BothatifJ/(x)d« = ^,J^VWrf' = 



_P,-i« 



2 



The converse of one of the foregoing differential formula shows that the integral of the simi of 
several differentials, is equal to the sum of the integrals of each of the differentials. 

The differentials of the trigonometrical functions already tabulated will be explained by can- 
sideration of Fig. 762, in which 

C A = CP = CQ = radiu8 = 1, the arc A P = x; PQ = dx; PM,=8in.x; GM=:ooax: AS 
= tan.x, OQ = NQ-MP = sin.(x +dx) — 8in.x = dsin. x; 0P= -.(ON-CM)= — co«l 
(x + dx) + oo8.x= -dcos.x, and 8T = AT-AB = tan.(x + dx) — tan.x =dtatt.x. 

The infiuenoe of errors in the arc or angle upon the sine increases as cos. x becomes greater, or 
as the arc or angle is smaller, while on the contraiy the infiuenoe upon the oosine increaaea with 



of Ute nne, 01 tlie oeonr the arts approachae to-^. The differential of the ooriiie has tha 



J ooe.'. 



B; integraliiig the difTereotial d (iiv) = udv + vdu there roenUta uv = f udv + f tdu,taiA 
the Iblloiriiig foimnU is obtained; J iid« = uv — f udti, known aa integiatin? by parts. Thia 
role is almiTi applioable if tlie integral /> du ie nnknown, and integml J* 11 d v ia known. 



Etcst integral of the fiwm J yds ■ //(*) <f « may be put equal to the area of a enrface 8, co 
eeqoentl; if the Integration cannot be effected b; known miee. it can be arriied at with sufficient 



apptniimation far practical poipoeea bj well-kDoim |^metrical deTir«B. Indeed, the integration of 
areas, although an operation oequentlT inralving inteuse tbooght to the matbeniatician, is per- 
formed by the pmotical men geoinetiiciiJly nitbout the least lefoniDco to the calcolua, a sufficient 



reason for the prefen 
csloulus. 

In order to find the area of a surfaoe. Fig. 76S, having a base M N = x, and diviiied by an nneren 

number of ordinates yt, yi, Vt y. intu an even number of stripe, we have Bimpsoc's rule. 

The fermnla for the area of a sorfooe divided in n strips ia 

8 = [j(, + y. + 4fj', + y. + .... + y.-i) + 2(jf, + v. + ... + j.-.>]f„. 

and the mean height ia 

„ _ y, + y. + * (V. + y. + ■ ■ ■ ■ + y. - 1 ) + 2 Ci/. + s. + ■ • ■ + y. - a > 

In whioh a moat be an even number. 

p. n, 

Thia tbnnnla eon be used for the determination of an integral I ydx = I ^(x)dg,i{g = 
/, — I be divided into an even (n) nunber of parts. The ordlnaleB 

y, ■ ♦(0; y. = ♦(' + f) ; ft = ♦(' + •/): vi = ♦(' + ^) 
are to be nJtsnlated uptoy, = p (jr), and these ralnes substituted in the fonunla 

[ fc + If. + 4 ( J. + ir. + . . . + K. - 1 ) + 2 (j, + If, + . . . + J. - ,)] ■^'■ 

The rectiflcatton of a cnrve, or the dedootlon, &om its equation y = f (x) between the co- 
ordtnatea AM = x and HP = y,Pig. 752, of an equation between the are AP = >snd one of tho 
cooidinatea, ia perfonued by determining the diflerential of the aio A P of the curve, and then 
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taking its integral. By Pytba goraa* theo rem ds* = dx* + dy* andd< = ^i/dx^ -{-dy^, henoe the 

arc of the curve itself la »= f/^d jp* + d .v' . 

The perpendicular to the tangent P T, Fig. 764. is normal also to the curye at the tangent point, 
because the tangent gives the direction of the curve at this point. That pirt of the line P O 
between the tangent point and the abscisaa-fLxis ia termed the normal, and tne projection M O of 
tills line on the absoissa-azis the sub-normal. Because the angles M P O and P T M are identical, 

M O =- M P . tan. a, and the sub-normal y tan. a = ' ' • 

' dx 

If to a point Q infinitely near the point P another normal Q be drawn, these lines intersect 
in the centre of a circle, which is termed the circle of curvature, and these normals, that is those 
parts of them between the circle and the centre, are termed the radii of oorvatuie. The circle 
itself is termed the osculatory circle. 

Denoting the radius C P = C Q by the letter r, the arc A P of the curve by s, and the 
tangential angle P T M by a, since PQ = GPxaroof angle P C Q, ds = — rda, and the radioa 

ds 
of curvature, consequently r = - — . 

a can be determined from the equation of the coordinates by putting tan. a = --? ; and as 

dx 

da , dx . • -X dx* , , , 

d tan. a = — —, and oos. a = -=-tda = cob." axd tan. a = 3—5 x d tan. a ; and 
cos.' a OS a 8^ 



ds 



(fj» 






006.' a y.d tan. a dx* x d tan. a ' 



When the curve is oonvex, 



_ ££_ da* 

" da'^ dx* •\-d tan. a 



whilst for a point of inflexion r = oo . 

The coordinates A O = u and O G = of the centre of curvature are given by 

u = A M -h HO = * + CPsin. OPH or JT -». rsin. a, 
© = O = MP - HP = y - OPoos. OP H or y - r COS. a. 



and 



764. 



766. 





H^S^ 



The line or curve formed by these centres of curvature is termed the evolnte of the curve A P. 

If in a surface M. M, P, P., Fig. 765, there are given the four coordinates If. P, = y, to 
M, P, = |/„ all equidistant from one another, the surface may be calculated in a very simple 
manner. 

Denoting the base by x, or M, M„ three equidistant ordinatee Xi z^ r, are to be inteipolmted 
between y^ and y,. The surface 8 then 



= (4yi + «i + «, + ^, + iy,) -r; but -i — j = 



X, 

4 



2 



and 



8 =[y» + 3(y, + yt)+y»^ yandy^, =^^ g 



This formula can be employed when the surface is divided into an uneven number of stripsi, 
the foregoing formula for y« applying to an even number. So that if y« = ^ (I) ; yi = ^ - — ^-^ : 

y^ ^ S — -—1^ ; and ys = ^ (/|) are four known or given values of y = ^ (x\ 
3 



8 



/h Hi 

ydx = I ^(x)dx approximately = [y, -»- 3(yi + yO + yJ 



8 ' 



The following table represents a number of integrals with their ultimate fonns, and will be 
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foond of the utmost use in redaoing integrals which may be arrived at in practioe, or in suggesting 
methods of reduction ; — 



INfflnrratial to be Integrated. 



dx 



a -^ bx 

«■(/« 

(a + bxy 
dx 

a* (a + 6 x)» 

dx 
(a + 6««)- 

dx 
a" (a + *«*)" 



Vo + bx 
dx 



W(ax + bj^dx 



Integral. 



J dx __ log. (a + 6 x) 
a + 6» ~" 6 

_ d« -J_ 

(o + 6x)- (n-l)6(a + 



X 



6ar)" 

* = ^ly gives —.* ^ 



-I 



dx 



1 Va + jf /^6 



X = - fln?es — ^ ^ 

y*^ (fr + ay*)" 



J 



2Va + 6« 



Va + 6x ^ 

1 . — y*-'d« 
» = _ gives — ^ ^ 

y */ay + b 



r^ 



a; -f bx*)dx = 



_ (26jr4-a) tj ax-\-bx* 



46 






6x» 



The moltiplioation of more intricate forms is useless, since it is far preferable to determine such 
questions geometrically, than to run the risk of miscalculation or clerical error. 

Sufficient has been said upon this subject to enable those requiring further information to refer 
to the works of Todhnnter, Uoole, and De Morgan. 

Various machines have been from time to time devised, for the purpose of ascertaining 
ai^rozimations to forms, that cannot be integrated analyticidly without immense labour. 

The most important of these apparatus is that devis^ bv Wm. Thomson, of Glasgow ITniveraity 
and described in the Proceedings of the Boyal Socitfty, 1876. 

The kinematic principle for integrating ydx, which is used in the instruments known as 
Morin's dynamometer and Bang's planimeter, inYolves one element of imperfection. This 
imperfection consists in the sliding action, which the edse wheel or roller is required' to take 
in conjunction with its rolling action, which alone is desirable for exact communication of motion 
from the disc or cone to the edge roller. Amsler*s polar planimeter, although different in its 
main features of principle, and mode of action, from the instruments just referred to, ranks with 
them in inyolving the like imperfection, or re<^uiring to have a sidewise sliding action of its edge 
rolling wheeL besides the desirable rolling action on the surface, which imparts to it its reyolving 
motion, a surface which in this case is not a disc or cone, but is the surface of the paper, or any 
other plane face, on which the map or other plane diagram to be evaluated in an*a is drawn. 

Clerk Maxwell succeeded in devising a new form of planimeter, or integrating machine,' with a 
kinematic action depending on the mutual rolling of two equal spheres, each on the other, and also 
offered a suggestion, proposing tlie attainment of the desired conditions of action, by the mutual 
rolling of a cone and cylinder with their axes at right angles. 

The idea of using puro rolling, instead of combined rolling and slipping, was extended by 
Thomson, who succeeded in devising a new kinematic method, capable of being introduced and 
combined in several ways to produce important results. 

The new principle consists primarily in the trauBmission of motion from a disc or cone. 
Figs. 766 and 767, to a cylinder, by the intervention of a loose ball, which presses by its gravity 
on the diio and cylinder, or on the cone and cylinder, 

as the ca&e may be, the pressure being sufficient to give ^^'* 76f* 

the necessarv frictional coherence at each point of rolling 
contact ; and the axis of the disc or cone and that of the 
cylinder, being both held fixed in position by bearings 
in stationary framework, and the arrangement of these 
axes being such, that when the disc or the cone and the 
cylinder are kept steady, or without rotation on their 
axes, the ball can roll along them in contact with both, so 
that the point of rolling contact between the ball and the cylinder, shall traverse a straight line 
on the cyliudric surface, parallel, necessarily, to the axis of the cylinder; and so that, in the case of 
a disc being used, the point of rolling contact of the ball with the disc, shall traveriie a straight 
line passing through the centre of the disc, or that in case of a cone being used, the line of rolling 
contact of the ball on the cone shall traverse a straight line on the conical surface, directed neces- 
sarily towards the vertex of the cone. It will thus readily be seen that, whether the cylinder 
and the disc or cone be at rest, or revolving on their axes, the two lines of rolling contact of the 
ball, one on the cylindric surface and the other on the disc or cone, when both are considered as 
lines traced out in space fixed relatively to the framing of the whole instrument, will be two 
parallel straight lines, and that the line of motion of the oall's centre will be straight and piumllel 
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to them. For fiMulitaiing ezplanatioiiB, the motion of the centre of the ball along its path parallel 
to the axis of the cylinder, may be called the ball's longitudinal motion. 

For the integration ot ydXy the distance of the point of contact of the ball with the disc or 
cone, from the centre of the disc or vertex of the cone in. the ball's longitndinal motion, is to represent 
y, while the angnlar space tnmed by the disc or cone from any initial position represents x ; and 
then the angular space turned by the cylinder will, when multiplied by a suitable constant 
numerical coefiSdent, express the integral in terms of any required unit for its evaluation. 

The longitudinal motion may be imparted to the ball, oy haying the framing of the whole 
instrument so placed that, the lines of longitndinal motion of the two points of contact and of the 
ball's cenize, which are three straight lines mutually parallel, shall be inclined to the horizontal, 
sufiBciently to make the ball tend oeoidedly to descend alon^ the line of its longitudinal motion, 
and then regulating its motion by an abutting controller, which may have at its point of contact, 
where it presses on the ball, a plane &ce perpendicular to the Une of the ball's motion. Otherwise 
the longitudinal motion may, for some cases, preferably be imparted to the ball by having the 
direction of that motion horizontal, and having two conbolUng flat faces acting in dose contact, 
witiiout tightness, at opposite extremities of the ball's diameter, which at any moment is in the line 
of the ball s motion, or is parallel to the axis of the cylinder. 

It is worthy of notice that^ in the case of the disc, ball, and cylinder integrator, no theoretical 
nor important practical fault m the action of the instrument would be involved in any defidenoy 
of perrect exactitude, in the practical accomplishment of the desired condition, that the line oif 
motion of the ball's point of contact with the disc should pass through the centre of the disc 

The plane of the disc may suitably be placed inclinea to the horizontal at some such angle as 
45°. An additional operation, important for some purposes, is e£fected as suggested by W. Thomson, 
by arranging that the machine shall give a continuous record of the growth of the int^^, bv 
introducing additional mechanisms suitoble for continually describing a curve such that, ror eaui 
point of it, the abscissa shall represent the value of x, and the ordinate shall represent the integral 
attained from jt = forward to that value of x. This is effected in practice by having a cylinder 
axised on the axis of the disc, a roll of paper covering this cylinders surface, and a straight bar 
situated parallel to this cylinder's axis, ana resting with enough of pressure on the sur&oe of the 
primary registering^ or the indicating cylinder, which is actuated by its contact with the ball to 
make it have sufficient frictional coherence with that surface, and having this bar made to cany m 
pencil, or other tradng point, marking the desired curve on the secondary registering or the recording 
cylinder. As from the nature of the apparatus, the axle of the disc and of Uie secondary registering 
or the recording cylinder, ought to be steeply inclined to the horizontal, and as, therefore, this bar, 
carrying the pencil, has tiie One of its length and of its motion alike steeply inclined with that axis, 
it is advisable to have a thread attached to the bar and extending off in the line of the bar to a 
pulley, pcuslng over the pulley, and having suspended at its other end a weight which will be joat 
suffident to counteract the tendency of the rod, & virtue of gravity, to glide down along the line of 
its own slope, so as to leave it perfectly free to be moved up or down, by the frictional ooherenoe 
between itseliF and the moving sur&oe of the indicating cylinder, worked directly by the ball. 

To calculate f^t {x) }^(x)dXy the rotating disc is to be displaced^ from a zero or initial podtioD, 

through an angle equal to J*' <tfix)dx, while the rolling globe is moved so as always to be at a 

distance firom its zero podiion equal to r^ (x). This being done, the cylinder obvioudy turns through 

an angle equal to f' <f> (x) 4^ (x)dx, and thus solves the problem. 

One way of giving the required motions to the rotating disc and rolling globe Is as foUowa ;«— 

On two pieces of paper draw the curves y=^J<t^(x)dx, and y = 4^ (')• Attach these pieces of 

paper to the circumference of two drcular cylinders, or to different parts of the circumference of one 
cylinder, with tiie axis of x in each in the direction perpendicular to the axis of the cylinder. Let 
the two cylinders be geared together, so that their circumference shall move with equal vdodtiea. 
Attached to the framework let there be, close to the circumference of each cylinder, a elide or guide- 
rod to guide a movable point, moved by the hand of an operator, so as always to touch the curve on 
the surfiEuse of the cylinaer, while Uie two cylinders are moved round. 

Two operatora will be required, as one operator could not move the two points so as to fulfil this 
condition, unless the motion were very dow. One of these points, by proper mechanism, gives an 
angular motion to the rotating disc equal to its own linear motion, the other gives a linear motion 
equal to its own to the centre of the rolling globe. 

The machine thus described is immemately applicable to calculate the values H,, H„ H^ etc 
of the harmonic constituents of a function if' (x) in the generalization of Fourier's simple harmonio 
analysis, in the conduction of heat in the sphere and the cylinder. Thus if 

^(x) = H,^,(x) + H,^,(a;) + H, ^, (aj) + etc 

be the expresdon for an arbitrary flmction ^^fx, in terms of the generalized harmonio funotiocia 
^1 (pO» ft {pO, <f>^ (x), etc., these functioos being such that 

/i^i(^)^.Wrf^ = O,/'^0i(x)^,(a:)rfa: = 0,/'^ «^,(jp)*,(x) = 0, eta, 

P^1>ii^)^i^)dx 

^u = Yi » ®**^ 

j.{'p2{^)ydx 
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hk the physical applicaiiona of ihia theory, the iuidgnia which ooiutitate the denominatozs of 
the fonniito for H„ H,, etc, are always to be eTaloated in finite terms, by an extension of Fourier's 

formula forj"^ xu^dx of his problem of the cylinder. The integrals in the numerators are 

calculated with great esse by aid of the machine worked in the manner described above. 

The great practical use of this machine is to perform the simple harmonic Foarier-analysis for 
tidal, meteorological, and perhaps even astronomical observations. It is the case in which 

. , V sin. , ^ 

COS. 

o * 

and the integration is performed through a range equal to —, i any integer, that gives this 

application. In this case the addition of a simple crank mechanism, to give a simple harmonio 

2 tr 
angular motion to the rotating disc in the proper period — , when the cylinder bearing the curve 

y = ♦(*) nioves uniformly, supersedes the necessity for a cylinder with the curve y = ^ (x) traced 
*"* *i» *°^ ®^ operator keeping a point always on this curve in the manner described above. 

The accuracy of the apparatus will depend essentially on the accuracy of the circular cylinder, 
of the globe, and of the plane of the rotating disc used in it. For each of the three surfaces a 
much less elaborate application of the method of scraping than that by whidi Whitworth has given 
a true plane with such marvellous accuracy, suffices for the practical requirements of the instrument 
nowproposed. 

Kvery linear differential equation of the second order may be reduced to the form 

where P is any given function of a?. 

On account of the great importance of this equation in mathematical physios in estimating the 
tnbratiOQs of a non-unifonn stretched cord, of a hanging chain, of water in a canal of non-uniform 
breadth and depth, of air in a pipe of non-uniform sectional area, conduction of heat along a bar of 
Don-unifoim section or non-uniform conductivity, or Laplace's differential equation of the tides, its 
practical solution without labour has long been sought 

Methods of calculation such as those used by Laplace are very laborious, tob laborious unless a 
aenous object is to be attained by calculating out results with minute accuracy. This is done with 
the integrator ; for if 

tt, ^S\ P (0 - />» rf a?) dor, I 

etc., 

where «, Is any function of x, to begin with, as for example Uj = x ; then «,, ti,, etc., are successive 
approximations converging to that one of the solutions of (1) which vanishes when x = 0. Let the 

integrator be applied to find — J*'uidx, and let its result feed, as it were, continuously a 

second xnachine, which shall find the integral of the product of its result V dx. The second machine 
will give out continuously the value of u,. Use again the same process with u, instead of U| and 
then «„ and so on. 

After thus altering, as it were, u, into «, by passing it through the machine, then u, into u^ by 
a second passage through the machine, and so on, the thing will, as it were» become refined into a 
solution which will be more and more nearlv rigorously correct, tiie oftener we pass it through the 
machine. If tif ^. , does not sensibly differ from Uf, then each is sensibly a solution. 

Compel agreement between the ranction fed into the double machine, and that given out by it. 
This is to be dune by establishing a connection which shall cause the motion of the centre of the 
globe of the first integrator of the double machine, to be the same as that of the surface of 
the second integrator's cylinder. The motion of each will thus be necessarily a solution of (1). 

Take two integrstors, and connect the fork which guides the motion of the globe of each of the 
integrators, by proper mechanical means, with the circumference of the other integrator's cylinder. 
Then move one mtegrator's disc through an angle = x, and simultaneously move the other 

integrator's disc through an angle always = J*'P{/x, a given function of x. The circumference 

of the second integrator's cylinder, and the centre of the first integrator's globe, move each of them 
through a space which satisfies the differential equation (1). 

To prove this, let at any time a,, g^ be the displacements of the centros of the two globes from 
the axial lines of the discs ; and let dx, Pdx be infinitesimal angles turned through by the two 
diaca. The infinitesimal motions produced in the ciroumference of two cylinders will be 

^, <fx and^, P(fx. 

But the connections pull the second and first globes through spaces, respectively equal to those 
moved through by the circumferences of the first and second cylinders. Hence 

g^dx^ dg„ and g^Vdx^dg^ ; 

and eliminating gm, 

d /I dg,\_ 

dUKv'dx)-^'* 
which ahowB that y, put for u satisfies the differential equation (1). 
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The machine gives the complete integral of the equation with its two arbitmy oooBianta. For, 
for any particular value of x, give arbitrary values G,, G,. That is to say mechAnioally ; di»- 
connect the forks from the cylinders, shift the forks till the globes' coutres are at diBtanoes G^, 6, 
from the axial lines, then councct, and move the machine. For this value of x, 

j7,=G„fti»dg=G.P; 

tlmt is, arbitrary values for g^ and -^^ are secured by the arbitrariness of the two initial poaitioiis 

G„ Gg of the globes. 

The instrument can also be applied to the mechanical integration of the general linear 
differential equation of any order witii variable ouefBcients, by taking any number t of integrators* 
and making an integrating chain of them. 

Until it is desired actually to construct a machine for thus integrating di£ferential equations of 
the third or any higher order, it is not necessary to go into detuiis as to plans for mechanical 
fulfilment of condition (7) ; it is enough to know that it con be fulfilled by pure mechanism, 
working continuously in connection with the rotating discs of the train of integrators. 

But the integ^tor may be applied to integrate any differential equation of any order. Let 
there be t simple integrators; let z„ ^j, ic, be the displacements of disc, globe, and cylinder of the 
first, and so on for the others. Then 

dKx dK^ 

and by proper mechanism establish such relations between 

*it ffii «fi, a?, g„ etc., that p^ (4?„ ^i ic„ x„ . . .) = 0, etc 

Thus 2i— 1 simultaneous equations are solved. 

By constructing in steel, as a cam, the surface whose equation is r = (/({* + if*), and repetitions 
of it, for practical convenience, we have a complete mochanical integration of the problem of 
finding the free motions of any number of mutually influencing partielea, one of the most difficult 
mathematical problems. 

CANALS. 

In trealing of their construction, canals may be classified in three divisions. 

Level canals, or ditch canals, consisting of one reach or pond, which it at the same lerel 
throughout. The most economical course is one which nearly follows a contour line, except where 
opportunities occur of crossing a ridge or a valley to avoid a long circuit 

Lateral canals, which connect two places in the same valley, and in which there is no summit 
level, the fall taking place in one direction only. A lateral canal is divided into a series of level 
reaches or ponds, connected by sudden changes of level, at which there are locks. The lift of a 
single lock ranges from 2 ft. to 12 ft., and is most commonly 8 or 9 ft Kach level reach is laid oat 
on the same principles with a level canal. In fixing the lengths of the reaches and the pnationa 
of the locks, economy of water is promoted by distributing a given fall amongst single locks with 
reaches between them, rather than concentrating the whole fall at one flight of locks. 

Canals with summits have to be laid out with a view to economy of works at the passes between 
one valley and another, and with a view also to the obtaining of sufflcieut supplies of water at the 
summit reaches. 

An open river is one in which the water is left to take a continuous declivity, nnintermpted by 

weirs. The towing path required, if horse-haulage is to be employed, is similar to that of a canaL 

The effect of the current of tiie stream on the load which one horse is able to draw against it at a walk, 

/ 3'6 V 
may be roughly estimated as load drawn against current = load drawn in still water x ( o,f>t ) • 

V being the velocity of the current in feet a second. 

A canalized river is one in which a series of ponds or reaches, with a greater depth of water 
and a slower current than the river in its natursd state, have been produced by means of weirs. 
Each weir on a navigable river requires to be traversed by a look for the passage of vessels, the 
most convenient place for which is usually near one end of the weir, next the towing-path bank. 
River locks differ from canal locks in having no lift- wall, so that the head-gates and tau-gatea are 
of equal height 

Although short portions of a canal may be wide enough for the passage of one boat only, the 
general width ought to be sufBcient to allow two boats to pass each other eat>ily. Tlie depth of 
water, and sectional area of waterway, should be such as not to cause any material increase of the 
rosistance to the motion of the boat, beyond what it would encounter in open water. The following 
are the general rules which fulfil these conditions ; — 

The least broudth at bottom to be twice the greatest breadth of a boat, the least depth of water 
to be one and a half time the greatest draught of a boat, the least area of waterway to be six limea 
the greatest midship section of a boat. The bottom of the waterway is flat. The mdes, when of 
earth, should not be steeper than 1^ to 1 ; when of masonry, they may be vertical ; but in the case 
of vertical bides, about 2 ft additional width at the bottom must be given to enable boats to olear 
each other, and if the length traver^x^d between vertical sides is great, as much mors additional 
width as may be necessary in order to give sufiicient sectional area. 

The dimensions of canal boats have been fixed with a view to horse-haulage. The moat 
economical use of horse-power on a canal is to draw heavy boats at low speeda The heaviest bc«t 
that one hor^e can draw at a speed of from 2 to 2} miles an hour, weighs, with its cargo, about 
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105 ioQB, is about 70 ft long and 12 fi broad, and dxaws about 4} ft. of water when fnlly loaded. 
Smaller boats which a horse can draw at 3) or 4 miles an hoor^ are of about the same length, 6 or 
7 ft broad, and draw abont 2} ft of water. 

The following are examples of the extreme and ordinary dimensions of canals, as given by 
Bankine: — 



Small canal 
Ordinary canal 
Large canal 



Breadth at 
Bottom. 



ft. 
12 
25 
50 



Breadth at 
Top Water. 



ft. 

24 

40 

110 



Depth of 
^ter. 



ft. 
4 
5 

20 



The width of the embankment which carries the towing path is usually about 12 ft. at th^ 
top ; that of the opposite embankment at least 4 ft, and sometimes 6 ft Each embankment should 
have a rertical puddle wall in its centre from 2 to 3 ft. thick. 

The surface of the towing path is usually about 2 ft. above the water level. It is made to slope 
slightly in a direction away £rom the canal, in order to give a better foothold for the horses, as they 
draw in an oblique direction. The slopes may be pitched with dry stone from 6 to 9 in. thick. 

Leaks in canals may sometimes be stopped by shaking loose sand, clav, lime, or chaff into the 
water. The particles are carried into the leaks, which they eventually choke by accamulatinn. 

To save time and water expended in shifting boats from one level to another by means of locks, 
inclined planes are used on some canals. The general arrangement is that the upper and lower 
reach of the canal, at the places which are to be connected by inclined planes, are deepened suffi- 
ciently to admit of the introduction of water-tight iron caissons, or movable tanks, under the boats. 
Two parallel lines of rails start from the bottom of the lower reach, ascend an inclined plane up to 
a summit a little above the water level of the upper reach, and then descend down a short inclined 
plane to the bottom of the upper reach. There are two caissons, or movable tanks on wheels, 
each holding water enoogh to float a boat. One of these caissons runs on each line of rails ; and 
they are so connected, by means of a chain, or of a wire rope, ruaning on movable pulleys, that 
when one descends the other ascends. These caissons balance each other at all times when both 
are on the long incline, because the boats, light or heavy, which they contain, displace exactly 
their own weight of water. There is a short period when both caissons are in the act of coming 
out of the water, one at the upper and one at the lower reach, when the balance is not maintained ; 
and in order to supply the power required at that time, and to overcome friction, a steam engine 
drives the main pulley, as in the case of fixed engine planes on railways. 

Boats may be hauled up on wheeled cradles without using caissons ; but this requires a greater 
expenditure of power. Orahame has proposed a method which would enable a fixed engine to be 
dispensed with where steamboats are used. It consists in providing each steamer with a windlass, 
driven by its engine, and the inclined plane simply with a rope, whose upper end is made fast while 
its lower end is loose. The boat is floated on to the cradle at the bottom of the plane ; the loose 
end of the rope is laid hold of and attached to the windlass, which, being driven by tiie engine, 
causes the boat to haul itself up the inclined plane. 

Ouials are supplied with water from gathering-grounds, springs, rivers, and wells, by the aid of 
reservoirs and conduits ; and their supply involves the questions of rainfall, demand, compensation, 
already treated of in this Dictionary. 

The amount of water required may be estimated to include— 

Waste of water by leakage of the channel, repairs, and evaporation a day = area of surface of 
the canal x 4 of a foot nearly. Current from the higher towards the lower reaches, produced by 
leakage at tne lock ^tes, a day, from 10,000 to 20,000 cubic ft in ordinary oases. Lockage, or 
expenditure of water m passing boats from one level to another. 

Let L denote a lockful of water ; that is, the volume contained in the lock chamber, between 
the upper and lower water-levels. B, the volume displaced by a boat. Then the quantities of 
water discharged from the upper pond, at a lock or a flight of locks, under various circumstances, 
are shown in the following tables. The sign prefixed to a quantity of water denotes that it is dis- 
placed from the lock into the upper reach. 



Single Lock. 



One boat descending 

9t r* ... 

Two n boats descending andj 
ascending alternately .. .. / 

One boat ascending 

Train of n boats descending . . 

»i »» •• 

Train of n boats ascending 

Two trains, each of n boats, 

the first descending, the 

second ascending 



Lock Found. 



Empty 

Full 

Descending full \ 
Ascending empty / 
Empty or full 

Empty 

Full 

Empty or full 

Full 



Water Discharged. 



L-B 
-B 

nJj 

L + B 

nL — nB 

(» -. 1) L - n B 

nL + nB 

(2 n - 1) L 



Lock Left. 



I Empty. 



rDescending empty. 
\ Ascending full. 
FulL 



i 



Empty, 
FulL 



FuU. 
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Fllgbt or M Locks. 



One boat deeoending 
One boat asoending .. 



Look! Found. 



Two n boats aaoending and^ 

deeoendiDg alternately .. / 

Train of n boats descending 

M >» >» 

Train of n boats ascending 



• ■ 



»» 



•> 



Two trains, each of n boats,) 
the first descending, the> 
second ascending | 



Empty 

Full 

Empty .. .. •• 

Full 

Descending fall . . \ 
Ascending empty / 
Empty •• .. .. 
Full 

fsr*^ :: :: :: 

Full 



Water DUduuiged. 



L-B 
-B 
mL + B 
L + B 

mnL 

fiL - ft B 

(n-l)L-nB 

(m + n - 1)L + mB 

nh + nB 

(m + 2fi-2)L 



LockiLefL 



JEmpty. 



FuU. 



fDesoending empty. 
VAsoendiDg fuU. 



} 



Empty. 
IfuU. 






FolL 



From these calculations Banldne has deduced that sinc^le locks are more &TOurable to economy 
of water than flights of locks ; that at a single lock, single boats ascending and descending alter- 
nately cause less expenditure of water than equal numbers of boats in trains ; and that, on the 
other hand, at a flight of locks, boats in tt&inB cause less expenditure of water than equal nomben 
of boats ascending and descending alternately. For this reason, when a long flight of locks ia 
unavoidable, it is usual to make it double ; that is, to have two similar flights side by side, naiiig 
one exclusively for ascending boats and the other exclusively for descending boats. 

Water may be saved at flights of locks by the aid of side ponds, or lateral reservoirs. The use 
of a side pond is to keep for future use a certain portion of the water discharged from a lock, when 
the locks below it in the flight are full, which water would otherwise be wholly discharged into the 
lower reach. If a be the horizontal area of a lock chamber, A that of its side pond, then the volume 
of water so saved is L A + (A -f a). 

It has been pointed out in this Dictionary that a canal cannot be properly worked without a 
supply of water calculated to last over the driest season of the year, ana in that respect demanda 
great care in investigating the sources of the supply. If no natund lake is availame fi>r supply, 
artiflcial reservoirs must be constructed, commanding a sufficient area of drainage to supply the loss 
by leakage, evaporation, and lockage due to the length of the canal, and probable amount of trafflo. 
It is also necessary to consider whether the subsoil of the valley fonning the reservoirs, is throughout 
of su retentive a character as to prevent leakage. Discharge of floods must be provided for by means 
of waste weirs. As a rule the up traffic consumes a great^ quantity of water than the down traffics 
because an ascending boat, when enterin^^ a lock, displaces a volume of water eoual to its submerged 
contents, and the water displaced, bv flowing into the lower reach of the canal, is lost. The lower gates 
being then closed, the boat is raised, and on passing into the higher reach of the canal, the amount 
of water displaced on entering is supplied again from the water of the higher reach. A desoending 
boat when entering a lock also displaces a due quantity of water, but this water flows back into the 
higher reach of the canal, and is there retained when the gates are dosed. Falton states that 
25-ton boats passing through a lock of 8 ft. lift consume about 163 tons of water in the asoeDt, 
and about 103 in the descent. 

For barge canals, the sectional area generally adopted is fzom 24 to 40 ft. in width and 4 to 5 ft. 
depth. When the soil is sufficiently retentive of water the construction takes the form Fig. 768. 
But with porous soils the bottom and sides must be paddled. Fig. 769. 

768. 
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709. 




In the construction of a canal, gradients, of course, cannot be introduced as upon a road, and the 
course must follow rigidly the bases of hills and the windings of valleys to pieoerve a imifonn lerel. 
It is important to lay out the work in long reaches, and to overcome elevationB by aooumuUted 
groups of locks in the most advantageous situations ; because this plan saves labour in working the 
canal, and causes fewer stoppages to the traffic But to prevent waste of water the IocJes muit be 
placed sufficiently far apart, at about 100 yards, or the intervening part of the canal must bafe its 
water capacity increased, so that a descending boat will not let off more water than the are* 
below can receive, without having its level raised so as to lose the surplus water oyer the 
weirs. 



beading in thin 



OA^ALS. 

The mbject of look* and mter-lifls will be bond dianuMd audo' iU proper 
Wetioaarj, and in •abaeqnent pasea of this Sapplement 

Aq eaaeotial adjunct to a canal is a anCScifiDt number at waste weirs to dischu^ flood watw, 
wbloh might overflow the tawing path. Wbenerer the canal croaaea a itieam. a wtwte weir ihould 
be formed in the aqnednct. Waste weirs are placed «t the top water level of the caiuJ. 

Stop-gatea, for the pnrpoae of dividing the canal iulo isolated reaches, are placed at ialervals of 
a few miTe^ so that in the event of a breucb, theee gates ma? be shut. In larger, or ship canalg^ 
these stop-gates are ctxutructed liha lock-gates, two pair« of goatee being shut in opposite directions. 
In smaller canals they are constructed of stout planks, alipped into groovee formed at those narrow 
pails of the canal which occur under load-brulges, or at other ooctraotions. Autranatio stop-gstee 
have Dot met with success. 

To admit of repaini after the stop-gales have been closed, the water is drainod ofl' through a amim 
of exits, termed cmets, which aio pipes plaoed at the level of the bottom of the canal and fitted 
with valves. OfBets are generally introduced at aqueducts or bridged crossiog rivers, where the 
contents of the cauaJ can he run off into the bed of the stream, when the stop-gates on both sidisan) 
dosed, to iaalate that part of the oanal from which the water is withdrawn. 

Frorision mutt be made for the proper drainase of the low-path. The tow-path should be hlgbor 
at the side next the oaiuU, and slope with gentle inclination towardn the outside. The diainage 
should be cdTeoted through a sky diaiii, and at interrala passed beneath the tow-path into the canoL 
Fig, 770. 



The piDlectioQ of the banks at the water Hue must also receive attention. Both pitohine with 
•tone and Giciug with brushwood ore employed, the latter furmiug an economical as w^ as ^cient 
pcoteotion, if well executed. 

Soott BosmU lias found in trials of propelling beets at high speeds, that the primary wave of 
dlsplaccmeut produced by the motion of a boat, moves with a velocity due to the depth of water 
in tbe canal, being the velocity that is due to gravity, acting tbroagh a height eqnal to tbe 
depth of tbe centre of gravity of the croGS section of tbo djannel below the surface of the fluid. 
This velocity is independent of the form and velocity of the bod; generating it, and oF the width of 
the canal. A beat raieed by a sadden effort to tbe top of a primary wave am be drawn at 
10 miles an hour, with less fatigue to the horses than if drawn at the rale of 6 miles, and the 
waste it lees on the banks of the canal. 

A greet objection to high speeds in mtrrow ohanuels Is the westing of the banks by the displace- 
ment of water. At moderate Bpeeda tbe washing is found to extend to not more than 1 fL € in. to 
2 ft, that is, to 1 fL above and below the water line. A being of etone or brushwood isanoflhotuol 

The employmentof ateani as a towing power has been bund in every w^ advantageous. There is 
less rubbing of the veasele against the banks, the power being in the line of pull, and not at on angle, 
as wilh borse-tiactioD. Tbewearandtearofropee Is mnohnducod, speed is increased, and weaUier 
affords no obstacle on the traok, as witli barsea. When a strong wind is blowing athwart tbe cuial, 
the boats must bo tuken singly or two at a time ; tboy cannot then be drawn in train. When beats 
are drawn iu train, it is usual to place the heavieet first. A distauoe of 40 to 50 ft. is the most that 
can be allowed betnacn two boats, without losing the boM between them that prevents them from 
sheering from side to side. Although the baek wa^ of the water is more prejodicial to tlie banks of the 
canal, its injurious action can be prevented to a great extent by proper mcing ; and one of the advan- 
tages offered by the use of lugs is tbe cleansing of the slopos of tbe caoal from the deposit of mud, 
which aceumulatee at the bottom, and can be easily removed thence by the dredger. On a ship 
canal, Bometimea as many as thirteen loaded veeseU of 50 to 100 tons register have bi^n towed by one 
tng at the rate of 3 to U miles an hour. The heaviest recorded load drawn by one tug has been 
1^ tons io three veBsals, at 2 miles on hour. The speed is usually restricted with smaller vessels 
to 4 miles an hour. The oust of towage may be much diminished, and the speed of tbe boat 
increased, so as to add oonsiderably to ue transport capacity of the canal, by employing tbe systrm 
of cable towage used in Belgium. A wire rope is laid down along the bottom of the canal, the 
whole IcDgtb of the oourse, and is attached at both ends. Tow-boats or tugs, each of whiah draws 
a fleet of boats, are provided with engines for giving motion to tlie clip pulley ; any slipping of tbo 
cable is thus prevented, the tightness of the clutch of tlie pulley being aotomatic^ly regulated by 
the amount of the load. Tu working the system, tbe cable is raised ftom tbe bed of the caual, 
plaoed in the groove of a dmm, provided with suitable grinding and tightening pulleys, on the 
deck of the tug near the bow ; the engine being sturted, piUls itself along, and with it the tug and 
sooi/mpanying fleet of boats, by means of the cable, which it draws up at tl^e bow, and delivers out 
at tho stem of the veeeel. 

A. Cnimingham, as tho reenlt of a long sericn of oxpeiimeuts conducted for tho Indian Qovom 
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ment, on the Ganges Canal, dose to Boorkee, gives the following. The experiments were confined to 
channels having trapezoidal sections, with stuped masonry sides, 2 miles long, 150 ft. width of bed, 
and two rectangular twin channels, in masonry, 932 ft long, each 85 ft. wide. In all practical treatises 
results are based on the hypothesis that the motion of water is steady, but these experiments prore 
that this hypothesis is not even approximately true, and that there ara changes in the velodtv of the 
water fiom instant to instant The mean surfiice-yelocity curve was found to be represented by the 

equation — + - = It where 6 = half the breadth of the channel, v = abscissa of any point on 6 

u* b* 

measured from centre, Up = central mean velocity = max. ordinate, u = mean velocity at any point 
whose abscissa is y = ordinate of mean curve. The arc of this curve, known as a quartio ellipse, 
taken across the channel, represents the surface discharge = 0*927 X mean central velocity x width 
of channel. 

As to the discharge of canals, A. Cunningham bases the following table of coeflScients, for onall 
canals, upon the experiments of Daroy and Bazin ; where r = hydraulic mean depth in feet ; 8 = 
fall of water surface in any distance divided by that distance ; o, = maximum surface velocity in 
feet a second ; Y =; mean velocity in feet a second. 

Table A — ^Valxtes of C, fob Usb* ts Fobwtla V = C VrS. 





Hydraulic Mean 
I>epth in Feet. 


YalaesofO. 








Bed and Sides 


Bed and Sides 

of Cat Stone 

or Brickwork. 


Bed and Sides 
Rabble 


Bed and Sides 








of Fine Piaster. 


or Bonlder 
Masonry. 


of Earth. 








•5 


135 


110 


72 


36 






•75 


189 


116 


81 


42 








10 


141 


118 


87 


48 








1-5 


143 


122 


94 


56 








20 


144 


124 


98 


62 








2-5 


145 


126 


101 


67 








80 


145 


126 


104 


70 








8-5 


146 


127 


105 


73 








40 


146 


128 


106 


76 








4-5 


146 


128 


107 


78 








50 


146 


128 


108 


80 




* 




5-5 


146 


129 


109 


82 








60 


147 


129 


110 


84 








6-5 


147 


129 


110 


85 








7-0 


147 


129 


110 


86 








7-5 


147 


129 


111 


87 








8-0 


147 


130 


111 


88 








8-5 


147 


130 


112 


89 






• 


90 


147 


130 


112 


90 








9-5 


147 


130 


112 


90 








100 


147 


130 


112 


91 








110 


147 


130 


113 


92 








12-0 


147 


130 


113 


93 








130 


147 


180 


113 


94 








14-0 


147 


180 


113 


95 








15*0 


147 


130 


114 


96 








16-0 


147 


130 


114 


97 








170 


147 


130 


114 


97 








180 


147 


130 


114 


98 








190 


147 


130 


114 


98 








20-0 


147 


131 


114 


98 






The general value of C, for use when r is greater tha 
Bod and sides of fine plaster 


n 20 ft., is for~ 




0-/v/ / 1. 


^ -0000045 (1016 + -]• 




fif^fl flTlll friflrfl t\f ^Tlf afnnn nr Vki-inlmnrrtT'lr f^ ^ r 




xn;u nuu biucb ui vuii BbOiio ur unoiL wor K • • v> S5 j^ / 

Bed and sides of rubble or boulder masonry . . C = \/ — 


00013 (4-854 + i). 




1 

y 1%. 


Bed and sides of earth 


^ 00006(1-219 


*7}- 




. / 1 
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Taiujb B. — YAhvta of c, fob U8b in the Formtla V = c ©o« 







Valaeaofe. 




Hydraulic Mean 




D.M^ « •. J Ol .J . . 


Bed and Sidea 




Depth in Feet. 


Bed and SIdea 


lied and oidca 

of Cut Stone 

or Brickwork. 


Rubble 


fkd and Sides 




of Fine Plaster. 


or Boulder 
Masonry. 


of Earth. 


•5 


•84 


•81 


•74 


•58 


•75 


84 


•82 


'76 


•63 


10 


•85 


•82 


•77 


•65 


1-5 


•85 


•82 


'78 


•69 


20 


•85 


•83 


•7D 


•71 


2-5 


•85 


•83 


•79 


•72 


80 


•85 


•83 


•80 


•73 


8-5 


•85 


•83 


•80 


•74 


40 


•85 


•83 


•81 


•75 


50 


•85 


•83 


•81 


•76 


60 


•85 


•84 


•81 


•77 


70 


•85 


•84 


•81 


•78 


80 


•85 


•84 


•81 


•78 


90 


•85 


•84 


•82 


•78 


100 


•85 


•84 


•82 


•78 


110 


•85 


•84 


•82 


•78 


120 


•85 


•84 


•82 


•79 


130 


•85 


•84 


•82 


•79 


140 


•85 


•84 


•82 


•79 


150 


•85 


•84 


•82 


•79 


160 


•85 


•84 


•82 


•79 


170 


•85 


•84 


•82 


•79 


180 


•85 


•84 


•82 


•79 


190 


•85 


•84 


•82 


•79 


200 


•86 


•84 


•82 


•80 




/• • 








+ 25-3* 

Table A must be used when estimating the probable discharge of a contemplated canal ; 
Table B, of a canal actually mnniDg. In the latter case, twenty separate measurements should be 
made, and the arithmetic mean be taken ns the average value of the central surface-velocity, v^. 

For larger canals. Table B would not be reliable, and the mean velocities past a great number 
of verticals in the same cross section, should be measured, either with velocity- roids or with a current- 
meter. A rod reaching from the surface to nearly the bed affords a fair measurement of the mean 
velocity in any plane. The rod may be simply a sheet^tin tube, 1 in. in diameter. The lower end 
is loaded, or formed of a round bar of iron, of such a length that its weight almost submerges the 
tube to the depth desired, finer adjustment being effected by the addition of small shot, in still 
water. About 2 or 3 in. is left projecting out of the water, and the mouth sealed with a disc of tin. 
The velocity is timed by the passage of the float under ropes stretehed at intervals across the 
water. 

CARPENTRY. 

Carpentry is the science of combining timber to support weight, or to resist pressure ; its theory 
is founded on that branch of mechanical science which informs us of the laws of strains in systems 
of framing, and on the other hand treats of the strength or resistance of materials. Timber can 
be preserved in the form given to it, only by careful study of the stresses and strains to which it 
is subject, according to &e laws of mechanics, and the strength of the materia]. 

To be able to determine the dimension or scantling of a piece of timber, is of the utmost 
importance to the carpenter, in order that his work shall be capable of sustaining the weight or 
pressure likely to be brought upon it. The irregular nature of timber has been a great impedi- 
ment to the compilation of rules or tables, but the difiEerence in good timber is scarcely perceptible 
when resistance to flexure only is taken into oonsidcration, as the laws relating to this result from 
actual experience, and have beian accurately determined. 

Stiffness in timber is the most important quality to the carpenter, as the material is rarely 
exposed to breaking strains. 

The subject of flooring has been entered upon under the article of Construction, p. 1039 of this 
Dictionary. The timbers supporting the flooring boards, as well as the ceiling joists, are termed 
the naked flooring : of this there are three classes, single-joisted floors, double floors, and framed 
floors : the single-joisted floor has been previously described as consisting of only one series of joists, 
in which every third or fourth joist m«y be made deeper, and the ceiling joists are fixed to the deep 
joists, crossing them at right angles. This method may be used where there is not space for a 
double floor. By this arrangement, there is very little increase in depth, but considerable gain in 
imperviousoess to sound. The double floor consists of three series of joists, ceiling, bridging, and 
binding joists. The binding joists support the floor, the bridgers are notched into the upper side 
of them, and the ceiling joists are notched into the under side or framed between them, the former 
being the preferable method. Framed floors differ from these double floors in having frames of 
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timber fat the binding joitta. Doable or framed floors are i 

bdiiK made b; th« qoftiitity oT timber emplojed, but ringle floon of loog baarinc u« IHielj' Id wun 
and dlnflgnre the oelliDg, benoe they are uied only La iDfetior buiUingi ; fbr •hort boariiiKi whan 
a good oeiling U requirad a doable floor thonld ba oted, bat with long beuingt &amed Soon aia 

S referable. BobiowHi haa ezperimentally proved iingle-jouted floor* (o be ctroDger than tnnted 
oora, bat Humt haa poiuted out that tlieae experinioiita were coodacted on a amaller aeale than 
tliat in practice, and the differenoe it probably not so Ere»t, beoaoie the gjiden ol the bamed 
floors are not so mnoh weakened by mortiMa. Hunt gives 1 owt. a foot of ar«a, exeluaiTe of 
the weight of the floor itself, as ample alloimDoe for the prubable loud od an oidinan dwelling- 
huuse floor 1 and 2 owt. s foot of area, in most cases, for warehooses snd botory floors. The 
joists of t)ie single floor should be thin and deep, with anffidvat thiokneas for the ""'''"g down 
of the boards. In caaos whore tha joists cannot be sQnported on tlie wall, a piece of timbor, tcnned 
a trimmer, is inserted between two of the nearest Joists liaving a proper Uaring, and the ends 
of the joists to be supported are mortised into tbia trimmer. The uimeiisloii of trtmmen may ba 
foand by the ume rule as those for biaders, the lungth of the joists hamed iuto the trimmer being 

. .^ ,1.. j:_. iport in binders. 

cli support the trimmer are termed (rimming joists, and must be strongfrthan 
in usual to add ^ of an inch to the tbickneai of tiie trimming joist for caiefa just 
mor, Wheu Uie tearing eioeeds 8 ft, the single joisling i"-— '-■ ■— -■ — "-■ 
.urning or twisting sideways, aiid when the bearing exoeei 
of slmts will be required. Aaother row at struts sLonld be added fur each i: 
bearing. These struts shoald be in a oontinnous line across 
the floor. Boiirdinga put in tightly are a sufflciant strut. 
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and simply nailed, ute better than keys mortised ii 

joists. The biat metliod knowu is Uerriugbona Strutting, 

Fig. 771. The pieres ure osually ebont 2 Id. square, and 

are nailed to the joists at the ends. IF the joists shrink, 

these struts do not become loose, and are an eaentiiil ad- 

vantage ill making a good otiliog. For ordinary purposes 

ungle joists may be used to any extent if timber can be obtained of suSoient depth ; whor^ 

boweTer, the bearing exceeds 12 fV, the oeiliug will not be peifeot, and in tingle-joisted Soors 

bound pMts freely. 

The chief support of a framed floor, the girders, are often limited in their depth by the mae 
of the timber ; two cases of scantling must therefore be oonsidered. To find the depth of the 
girder for the floor of a dwelling-house, when the length of bearing and breadth are giren, Hont 
gives the following rule; — Divide the tqaareof the length in feet, by the breadth in mcbea; and 
tlie cube toot of tlie quotient multiplied, by 4-S for Sr, or by i-9i for oak, will ^ve the depth 
required in inches. To find the breadth, when the length of bearing and depth are giTen, the square 
of the length in feet is to be dirided by the cube of the depth in inches ; and the qnotieot multi- 
plied by 0'74forflr, orby 0'S2 for oak, to give the breadth in inehee. The girders in these ndea ar« 
supposed to be 10 Ft, apsjt, and this distance should never be eioeeded ; if the distanoe it leas the 
breadth of tbu girder may be reduced proportionately ; girders for long bearings sboald be as deep 
a* possible. The small extra space required by the girders is of hr lea disad*aiitagB than a 

def^ V IJ . r™ ■ , . . . . .. > ,...11. 



which not only gives an upportonity of examining the oontre of the tree, but rcdDoes the site of tbe 
timber, so that it dries sooner and bat leas liability to rot. Slips should be inserted between tbe 
halves to allow of circulation of the air. Tbia opecatioa does not of course iucrease the strength of 
the girders but greater reliance can be placed on Uie work. 

For beurings exceeding 22 ft., it it dilBcalt to obtain timber of snfflcient siie Ibf girder*, and ft 
Is then usual to truss them. Figt. 773 and 771 may be ingenioni bot are ot little nae ; these fcana 



e to be avoided. The flr 




glider trussed with oak gains in strength merely the diflere 
ro woods, and nnlets tbe truss be well fitted, Uw strength 



boo truBB€a fail unless tied to prevent the truss from spreading, It 
eouiprcasion of tho timber at tbe abutments. 

In Burlow's experiments on tmsaea of the forms of Figs. 773 and 774, the girder having a Ung 
bolt and two truss pieces appeared to give a slight advantage, but the thre«-length tmas was wsakat 
thuD tlic nntruane.1 piL«cs. Where the depth is limited, and the bearing considerable, wronght-ino 
should be employed. A limber girder may be streagtheDed, without inorease of depth, by bolting oa 
each side a plate oF wrought iron, or by placing a single plate or flitch of iiOD between two plank* 
or a beam cut down the middle and revumod. 
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ExperltDeiifa made at tbe Boyal Aneiul, Wbolvich, in 1B59, show UuU there U (ome adrautaga 
in thit oombinfttioo. Hunt give* llie Iblloirmg rormuls for the bnkkiug weight of tMame with iraa 
lUlohea u deMribed— 

W = 5'(CB + 800; 

where B and D ue the breadUi and depth of the wood io inches, I tbe thickness of tbe iron fiitch 
in inches, L tbe length between the auppoitB in feet, and W the bieaking weight at the middle in 
cwti. C it ft couataut fur the kind of timber, aa IbllowB ; — 

_ . v»ii«orc I YniBMofa 

Teak 4. 006 Baltic flr 3-02* 

English or Baltic oak .. .. 8-662 American pine 2-7Tt 

Camdianoak 8-178 | Cedar 2-219 

Where iron caoDot be obtained except at oraaideiable espenaa, deep girders ma; be built, and 
the mart simple method consiats in bolting two pieces together with ktijs between. Tbe ke;s ate 
to prevent the timbers •liding Dpon one another, and the joiuts ahould be near Uie middle of the 
depth, Pig. 775. The totol Ihiokness of all the ke;a ahould be onD-third the depth of the girder, 

lit. 




and the breadth of each key should be abont twice the thicknew. Hoopa may be snbstitnted for 
bulta, tbe girder being then cut smaller towards tlie ends to admit of drirmg in the hoopa perfectly 
tight lu Pig. 776 the timbois are tabled or indented togellier, instead of Being keyed ; the upper 
part of tbe girder may be in two pieces. The aum of the depths of the indenta ahould not be leaa 
than two-thirds of the depth of the complete girder. The ujiper member of the girder may be bent 
to a curve, aod secured from spriugiug by bolts or etrapa. CuiisidenUe utifihess is gained by bending 
beams in this manner, wliit-b admlti of building beams of any depth and of the repaired lengtli, by 
breaking the joints or so arranging Ihem that tbeyare not coincident in the two members. The bent 

Sieces Jiould be in thickness aboat ^ of the langth of bearing, but thev should not eiceod in 
epth lialf that of the tiirder. Wliere timber cannot be obtained of sufflcitnt length, care should 
be tuken to have no joints !□ the middle of the lungtfa in tbe lower part of the girders. Jointa 
should be indented or flahed ; examplea of these methods of joialiug are given at p. 21GS of this 
Dictionary. To find the dimension of tbeie girders, multiply 1^ times the area of Ihe floor sup- 
ported in feet, by the length of the bouing M tbe girder in feet, divide the product by the sqaaie 
of the depth in inches, and the result will be the breadth of tbe girder in inohea. 
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Horat suggests that it would be advantageous to make each girder only lait the breadth given 
by this rule, nnd to limit tlie distance apart to 5 ft.; to bridge the nppur floor joiata over the 
girders, and notch the ceiling joists to the under side of them, and to emit the binding joists. This 
method would greatly incieaw tho straugth and stiffness, sod be preferable in point of eoonomy, 
b«t wonld require a greater depth of flooring. 

Brams should not be bnilt into the wall, but an open space should be left round their ends, by 
either turning an arch, or laying a sill stone. 

Binders must vary in depth aocoiding to the depth of the floor. Rnloa for scantling are given 
tit p. 1040 of this DictiMiary. Binding ji^ta should bo fmmediuto girders. Fig. 777, eo that both of 
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the bearing partaa and ft tboold fit the ooiteBpondiiiK part* of the mortiM; the teum to be •boat 
one-sixth of tbe depth and at aboat one-tbiid of the depth from the tover ude. 

Bridging joists follow tbe BBma rnls he aiogle jolstB. They are muall; Tiot mora than I io. in 
thioknua, except for ground-Qoon, in vbioh case 1 io. may be added lo the bieadlh, to allow for 
decay aridng from wnot of veatilatiOD. 

Ceiling joiets iii«d never be more than 2 in. in tliickoeu, and the depth mny be foand by diTidiog 
the length in feet by the cube root of the breadth in inches, multiplyiag the quotient by 0'64 for 
fir, or % 0'67 for oak. Qirdere shODld never be laid orer openings alloh aa doora or windows, nor 
very obliquely aeroes the rooms. Aa tbe span of the girder u increaaed, wall plates and templalea 
should be made stronger. Thefbllowing aie the osnai proportions; — 

For a 20 feet bearing wall plates *i ^7 ^ 

„ 80 „ „ 6 „ 4 

„ 40 „ „ 7* „ fi 

Floors when Srat framed, should be kept about J in. higher in tbe middle than at the aidee of 
the room, lo allow for settling. 

In constructing floora wilh short timbers, several ingenious methods have been prc^Maed; in 
Fig. 778 A,B, 0, D, represent the plan of a room with fonr joists mortised and tenoned logetherata, 
b, c, and d ; eaoh joist being supported at one end by tbe wall, and at the other by the middle of the 
next joist Fig. 7T9 represents another method of oonitmcting the floors with tunben (horloi than 



will reach serosa the mom. A very singular floor oonstnicted oa a large scale, for a room 60 11. 
square, exists in Amsterdam, and Ibis has no juista wlietaver; strong wall-plates are flimlysMured 
on each side of the mom, and rebnted to receive tho flooring. Tlic flooring oonaists of three thick- 
nesses of 1^-in. boards; the flrst IhioknGaa being laid diagonally, the ends reeling in the rebates of 
tbe wall plitteg. The second series of boards ia also laid diagoiudly, but in reverse diieclioa. The 
tliird layer of boards are parallel lo one of the hjiIcb of tlie room. All the boards are grooved an<l 
tongued together, and form a solid floor 41 in. in tbioknoss. The strength of plates supported in 
this manner is directly ns tho square of tlieit tliickne^s, and they will support a weiglit in the 
middle wbatever tho extent of bearing. With a uniformly dLitribnted load, the strength is inversely 
as tbe area covered by I be load. 

In carpentry, partitions are frames used for dividing the space of the house into rooma. 
Partitions are often of considerable weight, and therefore should have adequate sapport. Tliey 
are freaiientlj' allowed to loat on tbe floor, and cause an unequal settlement Partitiona that 
oannot be snpportod bj a direct boariog on the wall, should be strapped to the Boor or the roof 
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above, in pieferenoe to being laid on the floor below. The partition onght to support its own 
weight, and this may be attained by tmssing over tbe heads of doorways. When pieurtitions have 
a solid bearing thronghout their length braces are unnecessary, and partitions may be stiffened by 
stints between the uprights. It is not, however, preferable to give a solid bearing to partitions 
throughout, as the settling of the walls would cause nactares, but the partition should be supported 
only by the wall to which it is connected, so that all ma^ settle together. Tbe following data will 
aaaost in forming an estimate of the pressure on the framing of partitions : — - 

lb. Ih. 

The weight of a square of partitioniog may be taken at . . from 1480 to 2000 per square. 

The weight of a square of single joisted flooring, without 
oouDter-flooring „ 1260 „ 2000 „ 

The weight of a square of framed flooring, with counter- 
flooring „ 2500 „ 4000 „ 

Fig. 781 is a trussed partition with a doorway in the middle, the tie, or sill, being intended 
to ^ass between the joisting under the flooring boards. Position of greater strength for the 
inchned pieces of the truss is shown, as the truss would have been wei^ned if, with tbe same 
quantity of material, these pieces had been placed as shown by the dotted lines. Trussed pieces 
&ould be inclined to the horizontal line, at an angle of about 40®. The horizontal pieces a a are 
notched into the uprights and nailed ; with the doorway at one side of the room, the partition should 
be trussed over the door, as shown in Fig. 780. Posts A B are strapped to the truss, but in order 
to save straps are often halved to the inter-tie C D, which in that case should be made slightly 
deeper. Partitions should be put up some time before they are plastered, to allow for warping. 

A centre, or centring, is the timber frame, or set of frames serving as a tem{)orary support, and 
at the same time as a guide, placed under an arch during progress of construction. The centring 
must be of sufficient strength to sustain the arch stones without change of form, while the 
work proceeds. The centring is the template in wood of the entrados of the finished arch ; and its 
essential parts are, in bridge work, the ribs which span the space between the piers ; the bolsters or 
boarding, which lie transversely, and support the voussoirs ; the keys, or striking plates, beneath 
the ribs, which are struck to lower the centring ; and a sufficient amount of framing to hold the ribs 
and bolsters securely. 

A oocket-centring is one in which bead room is left beneath the arch above the springing line, 
ui>on which the temnorary supports of the centring may have to rest. 

Centring should be easily removed, and so designed that removal of part does not interfere with 
the supporting of the remainder. In navigable rivers, to allow for the passage of vessels, the centre 
must span the whole width of the archway, or be framed so as to leave a considerable portion 
unoccupied. In narrow rivers the framing may be erected on horizontal tie-beams, supported by 
piles, or by frames, fixed in the bed of the river, lii large arches, the arch stones frequently force 
the centre out of form, and cause it to rise at the crown, unless the crown is proportionately loaded. 
Loading is, however, an imperfect remedy. Bibs of centres are usually 4 to 6 ft. apart, and are 
placed one under each of the external rings of arch stones, the space between being equally divided 
t>y the intermediate ribs. A bridge of three arches will require two centres ; one of Aye aiches, 
three centres. 

The flrst point to be determined as regards the stifEhess of centres, is the pressure at different 
periods of the formation of the arch. It has been found experimentally that the inclination of a 
plane must attain about SO®, before a stone placed upon it begins to slide, and it is not until sliding 
occurs that the arch stones press upon the centre. A hard stone laid upon a bed of mortar begins 
to slide at 30 to 40®, and a soft stone at about 45®, if it absorbs water sufficiently quickly to partially 
set the mortar. Pressure may be generally considered to commence at the joint which makes an 
angle of about 82® with the norizontal. This angle \a termed the angle of repose, and if the 
pressure is represented by the radius, the tangent of this angle will measure the friction. When the 
pressure is unity, the friction will consequently be 0*625. The course of stones next above the 
angle of repose will press upon the centre, and the pressure will increase with each succeeding course. 
Hurst gives the following formula for determining the relation between the weight of an urh 
stone, and its pressure upon the centre, in a direction perpendicular to the curve of the centre— 

W (sin. a —/cos. a) = P ; 
where W is the weight of the arch stone, P = the pressure upon the centre, / = the friction, 
and a =■ the angle that the plane of the lower joint of the arch stone makes with the horizontal. 

When the angle which the joint midces witn the horizon is 34®, P = *04 W, and at 36®, this co- 
efficient of W becomes 08, at 38®= 012, at 40® = 017, at 42® = 0*21, at 44® = 0-25, at 46® = 029, 
at 48® = 0-33, at 50® = 0*37, at 52® = 0-40, at 54® = 0*44, at 56® = 0-48, at 58® = 0*52, at 60® = 
0-54. 

When the plane of the joint is so much inclined that the vertical line passing through the centre 
of gravity of the arch stone, falls without the lower bed of the stone, the whole of the weight of the 
arch stone may be considered to rest on the centre. 

From these data the weight upon the centre can be easily estimated. For example, to determine 
the preasure of the arch stones, upon 20® of the centre, from the joint, which makes an angle of 32® 
with tbe horizontal ; take from the given numbers the decimals relating to every second degree for 
the first 20®, and add them together. This sum, multiplied by the weight of a portion of the arch 
stones between 2®, will give a product which will be equal to the pressure of 20^ of the arch upon 
the centre. In illustration, suppose the frames of the centre to be 5 ft. from middle to middle, and 
the depth of the arch stone to be 4 ft. ; let the space between 2° of the arch measure, at the middle of 
the depth of the arch stone, 1^ ft. The solid contents will be 30 cubic ft ; and as the weight of a 
cubic foot of stone may be assumed to be 150 lb., the weight of 2® will be 30 x 150 = 4500 lb. 
Adding together the decimal fhustions for 20®, that is, from 32® to 50®, the sum is 2*26. This sum 
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SreMura iaoreasea tbtj gradiwllv nniU the joint makes ft ia^B angle with the borooDtal, UM in 
oaigning oentree the BlreogUi iiiould be diieoted to the parta where the strain ib oonoentiated- At 
the point irliere the joint maiea an angle of 44° with the horizontal tha arch atone exerta only 
one-quarter of its weight upon the centre, but near the crown the whole of its weight, ao that to OMKe 
the centre equally strong at each of these poinU wonld involve great waste lu the applKatioa 
of tbB material. If the depth of the arch atone is double its thickneas, its whole weight a»J ae otm- 
Bidored to rest upon the centre fioai where the joiola mate an angle of 60° with the bOTLwnlaL U 
tlie length is less than twioe the thickneaa, the anale will be below 60°; if the length la grater 

than twloe the tliiokness. the angle will bo above 60*. , - u i. 

The error introduced by considering all arob etones with the iointa above 60° M preaamg wboll j 
on the centre, U not a very great one, but it U frequently deairable, especially witb oueuLir arctej 
to attain a cloeer approii4nBUon. In any case, pruKiure, perpendionlar to the curve of the centre, 
will be expressed by the equation previously given, but it is more oonvenwnt lA measure the angle a 
ftom the vertical line possiDg through the crown, then the converse equatim is — 

Denoting the angle inoladed between the jinnts bya,thoprewireof any nnmbet n of Mcb atooM 
alike in weight and poaiUon, will be expteawd by 



(» ,ti+l ,." j» + ^\ 
COS. - a X dn. -2- o - /am. -2 « X sio. -5- o \ 
SSTi^ J' 



B = P. 



The are a being aaesrtained, the sinei and ccainea to a radius of nnity oan be bond from a l^le 
of natural sines : aud the calonlation aimplified under the following form; — 



< (ooe.|na-/ain.in 



The whcrie prmaure upon the semioentre may be determined by the following equatian i- 



" V iirp. STT^ / ■ 

It is etsenthil that the centre sboald be designed bo as to anpport either a portioD or tlie wbola 
of the weight of the arch, without defonnatiou. Fig. 782 is of T'elfbrd's design for a centre wiUi 
Intermediate supports, nsed Ibr a bridge over the Biver Don, of which the span la 75 ft. Fig. 783 ia 




for a alone brid^ at Gloucester; the method of ounatructiun waaaa followa. A level pUlfon 
propiuedion which the centre Was struck out to the full aizo. On the pilea were la''' *"— -^ ' 
lengthways to the centre, one noder each rib, and upon these betuna wcdRea were 1 

X driving pi 
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in the middle «b* of oak, hooped at the driflng end. Baoh rib of the oentie wu nnt together on ft 
MBlIbU made ai the top of the wed^ pieoee, and wu lifted by two bargee on uje tivei aod two 
«(anee CO ehore. The Mafibld waa wctenoed 30 ft bejondthe striking end of the wedges to reet the 
taet rib* vpou prerioiul; to miniig, and to gife the workman poeition on which to operate. The 
ribe, when bnoed, were ooreied with 4-in. iheeting; pile*. Tbs itriking of thia centre ww effected 
Id three hotin, bj placing beama upon the top of the work directly oTer the endi of the wedges 
and fixing to theee beama a tackle carrying a ram of 12 cwl to sbrike ont the driring end of the 
toBgne pieoe (tf the wedge ; after the wedf^ wore atatted, pieces were pat in to prevent them 
gtong nrther than wai required. The coverings, or laggings, were then removed, and the riba 
taken down in the order in which they were put up, and the pilei drawn. 

Fig. 7S4iiRM a centre, designed by Peronet, foiabridge at Neuillr, where intermediate anpporte 
eoold not be cditained ; in noh caw the oonstrnotioD of the centre inclodes the taking of preMotions 
against the tendenqr of the crown to riae when the side* are loaded ; for this purpose the design 
iUDstratedbythisflgnteisdefeotiveibecuise when loaded at A uidB; the centre moat rise at C, and 




A load at A conid not oanse the (wntre to tin at without reduction of the length of the beam A E 
and of the opposite beam. The dedgn, however, proridea an czeess of strength, aud is oomplieated. 
If the line A O A', Fig. 786, be the curve of an arch, and the angle of pressure of the lurch stones 
B' B is R2°, and if the two trussed frames E D H, E' D' H' abut agunst eeeh other at C. thepoiat C 
cannot riae from pressure at D D' aod hj adding the pieoe F F' a* well as the piece* F I, F' T, great 



seenritr ta obtained. The eorved ribs must be strong enongh to sustain the weight between B D 
and D O. Tbs bearings majr be ehcfftened by Increasiug the length of the abutments D EH. The 
beama EC, E'O act as ties, and if the arch stones are laid beyond the points DD' then th^ act as 
struta. This anangement requires timbera of oonsiderable length. If the built beams EF, FF', 
and F* E', Fig. ^^TJoe Mch trnased, and abut at V and F*, when the load* pree* equally at D ly, the 
beam F F* wSl hare no tendenir to rise. The oentre ot this design may be applied to any span to 
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it available the beams BF, 

jj. TS8 ia for a centre well adapted for tnmiela, framed upon the principle of a qneen-pott 
truss. Tho backings of tlie rib are uHoall; of two tbickneaaca of 3-iii. plank boltal together, and 
tha dialunce of the ribs about 5 ft. from eiLch other. If rakiiiR atrata are required during exo«- 
vation, the Uading litie should be ooiistraoled witboat tiei^ aa thia would interfere with the strata. 




The principal beams of the centre should, where possible, be mads to abut end to end, or to abut 
Into a socket of out iron. InterBection of timbers should be avoided, as it increases the nnmbcr of 
joints. PioceB bearing lowejds the centre should be notched upou the framing, and be in pain, 
one on each side of the ftame, welt bolted tngptber. The bracee marked a a. Fig. 7B7, are snpposed 
to be BO treated. Where many timbers meet, ties should be continued aeioiia the flames, and the 
ribs braced diagonally. 

Ill order tliut ceutres may be easily removed, the principal supports ahonld be placed upon 
double wedges, nr upou blocks with wedge-ahaped steps, so that these may be driven back to allow 
the centre to fall rcgnlarlj. Centres should be removed gradually, in order to allow the arch to 
take equal sottloTopnt, and so that it may not acquire too great velocity. The wedftea in amall 
centres may be driven back with mauls, but in larger works a beam is used as a battering mm. 
The wudgcs sbouM be marked before tboy are started, bo that the distance to which tbej are 
diivi'D may bo easily measured und regulaleil. The ccatrcs sliouH be sligbtly relieved aa aoou 
aa the arcb is completed, to orilcr that the arch maf aeltle before the mortar becomes hard. It 
iaoonacquentlj necessary in slrikLug centres, to be eniibled to allow thpra to rest during any poiod 
of the operation. A novel method of striking centres was ailopted at the bridge of Aoatetlili, in 
Puris, in ISS4, and subaojuently for severs] bridges erected in India, Iron cylinder*, 12 in. IB 
diameter and heigbt, were employed, open at bcth ends and placed leHicaUjOD m woodea platfonn. 
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This plaifotm was the lower striking plate of the centre. The cylinders, to prevent them from 
slipping were placed on discs of wcrad, fastened to the platform and fitting the interior diameter 
of the cylinders, which were nearly filled with fine dry sand ; on the top of the sand was fitted a 
wooden piston. The apparatus was then introduced uuder the centres instead of wedges ; and by 
allowing the sand to flow gradually away, the centres were removed at the speed required. The 
centres of Waterloo Bridge were placed upon blocks, having wedge-shaped steps. Fig. 785. Again, 
in Fig. 786 the steps are supposed to be formed on beams, tliat reach across the whole width of tlie 
bridge, passing between the feet of the trussed frames and the supporting posts. By this method 
the centre may be removed without the necessity of placing workmen beneath. 

Simple designs are best for centres, as it would be extremely difficult to obtain a sufficiently 

aocnrate estimate of the strength of a complicated centre. In the centre, Fig. 786, the stress tends to 

strain the frame £ D H, also the pieces E H, H' E', when fully loaded, and the posts O K, G' K'. 

To calculate the dimensions of the timbers required, let the pressure of the arch stone between B 

and G be determined, as previously described, and consider half this as weight collected at D, and 

acting in the direction D F. Then the strains in the direction of each of the beams of the frame 

E D H must be found. Ascertain the pressure of the arch between D and 0, and consider it as 

acting at G vertically ; the stmin on the beams E U, H' E' can then be found. Finally, let the 

whole pressure of the arch stone between B and G with half tlie weight of the centre, be considered 

as acting at £ vertically, and find the scantlings of the supports K G, K' G' that will resist this 

prei-sure. If the length in feet of any of the pieces be less than one and a Quarter times the breadth, 

or smallest dimension, in inches, the joint will give before the timber will bend. When the length 

between the points of bracing is less than in this proportion, the scantling must be found by tho 

following rule. The pressure upon the beam in pounds divided by 1000, gives the area of the piece 

in inches, or that of the least abutting joint, if that joint should not be equal to the section of the 

piece. This rule may almost always be applied for centres, because all long pieces may be secured 

against bending, by cross bracing, or by radial pieces being notched on and bolted to them. In 

Fig. 787 the beams E F, F F', and F' Ef are the chief supports. If the whole weight of the ring 

between D and G be considered to act in the direction H F at the joint F, it will be the greatest 

strain that can possibly be attained from the weight of the arch stone at that point. Produce the line 

H F to/, make hf equivalent to the pressure, draw h e parallel to the beam E F. As A/ represents 

the pressure of the arch between D and G, A will be the pressure in the direction of the beam F E, 

and ef the pressure in the direction of the beam F F'. Estimate the weight of the arch from H to 

H', let two-thirds of this be considered to act as the weight at G vertiodly, and this will be tho 

greatest load likely to occur at that point.. The frame E l3 H may be calcinated to resist half the 

pressure of the arch stones between B and H. The total weight of the arch stones from D to G, with 

the weight of the centre itself, may be considered as acting vertically at E, and the supports G E 

designed to resist this pressure. The scantling of that part of the rib between H and G, or D and H, 

may be calculated by considering the weight of this portion of the arch as uniformly distributed 

over the length. 

Take for example the centre Fig. 786, which is designed for a stone arch of 50-ft. span ; the 
stone weighs 130 lb. to the cub. ft, arch stones 3 ft deep, and ribs 5 ft &om middle to middle ; as 
the radius of the arch is 26 ft, the radius of an arc passing through the aioh stones will be 27*5 ft ; 
the length of this arc for one degree equals its radius multiplied by -01745329 = *48. And 
5 X 8 X *48 = 7*2 ft, the solid content of one degree of the ring of arch stones. Beferring to 
equation, page 299, W X 32*26 = 7*2 x 32*26 x 130 lb. = 80,195 lb. for the pressure of the ring 
between B and G : suppose this pressure to act in the direction D F, and to simplify matters, let it 
equal 31,000 lb. ; draw df, Fig. 787*, parallel to D F, set off df equal 31 parts, and draw A parallel 
to the boun £ H ; make de, dh parallel to the principal rafters of the frame £ D G. Measure dh 
by the same scale as df, it will equal 70 parts, and as both the rafters make the same angle with 
straining force, the strain on eacli will be ^■f§§§ = 70 in. for the area, of which each rafter will be 
about 8^ in. square. The strain in the direction £ H need not be calculated, because when the 
tie-beam is strong enough to resist the other strains, its strength to resist tension will be more than 
enough. 

Coffer-dams, Shoring^ and Strutting, — The thickness of the dam, or distance between the outer and 
inner rows of piles, will depend on the depth of tiie water to be resisted, and to some extent on 
the stiffitiess of the soil through which the piles of the dam are to be driven. 

The common rule for the thickness of a co£fer-dam is to make it equal to the depth of water 
when such depth does not exceed 10 ft., and for greater depths to add to 10 ft one-third of the 
excess of depth above 10 ft. 

When the height of the dam above the surface of the ground exceeds 15 or 18 ft, three and 
sometimes four or more parallel rows of piles are driven, thus dividing the thickness of the dam 
into two or more equal divisions, each of 5 or 6 ft. thick. 

The height at which the dam should stend above high water will depend on the situation ; 
the more exposed it is, the higher will the dam be required ; in ordinary cases 3 ft will be 
sufficient. 

Before commencing a cofier-dam it is usual to dredge out all the loose soil on the site, which 
if allowed to remain would admit water under the puddle. Piles of whole timber, called g^ide 
piles, are then driven at intervals of about 10 ft. apart, to mark out the form of the dam; longi- 
tudinui timbers, formed of half-balks, called walings, are then biilted on each side of the guide 
piles, one pair near tlie top, and another pair at about tiie level of low water. These serve the 
purpose of keeping in their places the intermediate piles, which may now be driven. 

Fig. 789 is a dam adapted for deep water. The piles A A are of whole timber, 12 in. square, 
and shod with iron weighing 15 lb. The walings B B were in the first instance of half-timbers, 
12 X 6 in., and were placed on both sides of each of the guide piles, but when the intermediate 
piles are eUl driven these are removed, and single walings of the same scantling are fixed on the 



two mMdIe rad inner rows (^ piles, ud one Wftling 13 in. sqiuie on the oator nv» ; the top waling! 

of the innCT low being doable. The rows of pilee are lied together with iron holla which f*m 

throngh the piltt and walings, and are Beoored with large aula and washer plates. 

AU the piles used in a ooffer-dam should be matched previous to their being driven, so that 

the; msv fit oloae together, and prerent leakage through tlu joints as mnch as passible. 
The length of the piles will depend 

on the natnre of the soil and height of 

the dam. For a depth of water of 5 fL 

on a soft Biltjr bottom, 25 ft in tbiok- 

nesa, Hughes nwommonds that piles of 

4S ft. long Bhonld be driven S or 10 ft. 

into the solid gronnd under the silt 

For Biiab a depth of wstei a donble 

dam tbrmed of throe tows of pllea 

wonld be required. 

When the depth of water in a Udal 
liver Is 10 ft at low water and 28 ft 
at high water, on a bottom of lonae 
grsTel and sand 12 ft. thick, with olaj 
nnderaeath, the dam should have foor 
rows of piles. The heads of those of 
the oater row shoald be driven down 
lo witilin 1 ft of low-water mark and 
5 ft into the cIut, making a total 
length of 2S R. The two middle and 
Inner rows to tie driven to the same 
depth iato the cla;, tbo former to stand 
S R. aboTO high water, making a total 

length of 48 K, and the latter ahant II ft abore low-water mark, making the length of the 
piles 38 ft. 

A double row of wmling pieces should be placed all round the topsof the piles, and be oaineoted 
bj wrought-iron bolts H in. square. 

Owing lo the great pressure (o whloh the sides are exposed in deep water, ooffbr-dams reqaire 
to be strutted &^m the rear; this 1« nanally effected b; forming oounterTorts of piles at abort 
intervals, aocording to the strength reqnired. Theae piles should bs tied together with walings and 
stiffened b; ttmte, and the portjon of the dam between the ooonterforta should he strengthened bj 
horiiontal stmts boia the eada of the oounterforts. In dams eoclnaing a narrow spaoe, as in those 
tot the piers of bridges, tlje Btrutting might be eO'eoted tram opposite sides, bnt thej shoald be aa 
•rranged as to be eatiil; removed and lefiied, if leqniied. aa the work proceeds. 

Strnts in the boilj uf the dam. at a level mncb below high water, are obleetionable, as the; woald 
hinder the packing of the pndiUe and be a fruitful source of le*kage afterwards, from the water 
ore^iag sloo^ them and causing the puddle to settle. 

Iroo botta m the bod; of the dam, though also a sonroe of leakage, are indispensable, in order 
lo prevent the dam from bursting b; the swelling of the pnddls. These holts should pan through 
the piles and lie sectired by auts wiUi Iron phtlea. and la^ wood washers under both the bestda and 
nuts, to prevent them working into the walingi &om the constant Htraining to which the dam ia 
subject b; the rise and bll of the tide. 

In double dams those bolts are never allowed to goquite Ihtongh IVom one mde to the other, bot 
if possible to break joint as it were in the bod; ot the dam. The bolts in the lower part of the dam 
are shown to go through the outer and middle rows of pilee oal;. 

Fig. 790 is a Ibrm of dam used in eitenaian of dock, whiob is woll aitapted for a half-tide dam, 
and was oonstmcted iusida ■ temporary tiarrier which had been oreetoa to keep ont the water 



ri;^ lfl^« . ?I *^^ '^ '"'"B excavated. The thickness oflhedamwasSftatthetopand 
aboulie ft St Uie bottom, the total height being 28 ft It was formed with guide piles of wboh> 
hS^i^ '.V^^ °! '*^' UH ^ "^'' ^ *»"°«" '^^ ^^*^ '"d the lnleniodi.te spaoe. 
Between the guide piles were filled in with aheeting ^Ses, of half-timhors 12 in. by 6 in. The dam 
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ma dedgaed bo as to allow the timbers and TOttical i)ie«tiDf! to be drawn, withonl rnnninj; off the 
water &om the dock, and the interior clay to be taJceu not by dredging. The piles and Reeling 
were eeonred to silli laid in chasea out in the rock, etrutted to it at tlie bottom, and titd to it by 
iron rods, with split lewii bolta at the lop : the former, with the view or remoTing it and the adjacent 
lock at a mbaequent period, and the latter to guard againat the pressure of the eactli forcing' the 
upper part of the dam towarda the duck, befuro the admiaaion of Ibe water, and afturwanls, if the 
water ahonld by any neceaaily be reduced to a lower level than hbubI. 

Wooden atrutii were need in the body of the dam, but they were aimnged so aa to interfere ai 
little M poaaiblo with the packing of the puddle. 

Fig. 791 ii a simple arrangement for oonatructfbg a cofier-dam on rocky gioimd covered by 
water, for river works. It oonsista of two 

ton, 3 n. apart, of pUnkg, A, A, 3 in. thick, ' '' 

placed horizontally and held in their places " ^ 

by iron rods, B,B, 2} in. diameter, which are 
Inierted in the rock at iutervaU of S ft. apart 
in each row. The two rows of rods and 
planking are tied together by transverse 
bolta pajoed throngb Uie body of tbe dam, 
and fixed to horiiontal waling pieces C, C, 
10 in. by 6 in., ptnoed on the oatride of the 
Tsrtical rod. 

Tbe dam bslnitled entirely on Ibe inside 
by rowa of itrong Btruta, D, E, and F, placed 
18 ft. apart The oater stay D hoa iron eyea 
Bied at each end, to enable it to be dropped 
over the upper end of the vertical rod at 
the top of tbe dam, and over a pio inserted 
in the rock at the loiter extremity G. A 
oottar at the upper end keepa the stay aecnre. 

The oonnler stay F is fixed at its lower end by the vertical rod of the dam, passing through an 
•ye on the end of the stay, dmilar to that at G. The other end is strapped to the htay D. 

A slaioe placed in the dsm at the level of low water, enables the water to ba let in ahould a 
■adden rise of the river endanger the stability of the dam. The space between the ro»-B of planking 
ia packed with paddle in the oaual way. 

In fixing the iron roda a jumper point is first worked at the end of each, tliey aro then sncces- 
aively jomped into the bed of the river to depths vairing from 12 in. to 18 in. : the planks of tbe 
fewer tier are secured to the iron rod« by clasps of iron, and slipped down into their places one 
above the other. 

In removing the dam the puddle is first taken out, and tbe rods being moved to and fro, can 
be raised. 

Figs. 792 and 793 am of a coffer-dam to resist a great bead of water. Its length was about 
1500 ft., 300 ft. of which wer« straight, and tbe remainder formed in two cimular area of 150 
and 800 ft iwlii respectively, the convex side being towuda the river. The depth at low water 
was Crotn 4 to 10 ft., and the rise of the tide 21 ft. 6 in. 



It ooDsislsoftliTeeTowaofwbde timber sheet |iUing,or Baltic yellow pine, from 13 in. to IS in. 
•qnwe; the oatside row battered half an inch a foot, and tho other two rows upright The sheet- 
ing is all driven between gauge or bay piles, placed 10 fU apart. The three Inst piles driven inrack 
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bay are Bccnratolj Mirn to a taper, in oppooitfl directioDs, n aa to wedge tbe ramaiiiiiiK pQea of tte 
bay closely togethei. The average length of the pilea in the firat tow U 53 fL, uid in that of tba 
other two rows i5 ft, thongh many of them eieeeded 60 ft. in length. 

Tbe height of the piles above the ground in from 38 to 30 ft., aJJ being driTen down nilDcIelltlT 
fkr to entci a bed of h.nr.! clay. The width bctireoD the flrat two tdwb oT piling ia 7 fL, anil Ibat 
between the oentre and back rowa Q ft. The front and back lava of piling were ■ecnred l^ Bre 
tien of whole timbei douhle walinga; but in the centre row the three lowest tiera of waling are 
replaced by iianda of wrought iron, keyed togetlier in lengths of 12 ft., and forming a oontiniKMU 
tie on a&cli side of the piling froni the two eitremities of the dam. 

The transverse bolts are ell break joint, lever paeaing entirely throagh the dam, bat ter- 
minating at the centre row of piling ; theyarescrewed np againat the wrought-ironplatiug, between 
which and the face of the pile is a waaher of vnlcanized indiarubber. These transverse bolts are 
2f in. in diameter at the lowest tier ot walinga, diminishing upwards lo 1} in., and in everT bay of 
25 ft., that ia, between two oonnleHbrts, there were six through-bolts for each tier of waliogs,or 
thirty Id eaoh bay. The waabet plat«e under the heads and nuts of the transverae bolta are of cast 
iron, 10 in. square, ao as to give a large bearing sorlace on the timber. 

For the porpoae of distributing tbe pressure, a cleat of bard wood, 5 or 6 ft, in length, is intro- 
duced between the mtliogs and me washers, under all the bolt heads on the exterior faoe of the 

The dam is atayed at the back by counterforts placed at intervals oF 25 ft. from centre to c«ntie. 
These counterforts are IB (L in length from the back of the dam, and conaiat of close-driven rowi 
of sheet piling of whole timber, strengthened by tiers ot walings corresponding with those on the 
inner side of the dam, and connected with them by strong wrought-iron angi e-pIaCcs. or kneea, G ft. in 
length, through each of which oneofthelong transverse bolts of the dam ptuued. They were farther 
itrengtbened bj horizoatal struts of whole timber, from 12 to IS ft. in length, placed diagonally, 
and abutting iu cast-iron dovetiuled sockets 1 in. thick ; of these struts there were three rowa in the 
height of the dam. 

The surface of tbe pnddle iu a cofler-dam should be covered with a layer of brieka, flagi^ or 
planking, to protect it troai being injured oi washed away. This will serve as a staging on wbicb 
to deposit materials, or to lay rails for the purpose of carrying a traveller. 

Caffer-dams shoQld be provided with sluices, to let in the water in case of danger lo tbe dam br 
tbe sudden rising of tbe water on the oatnde. 



Figa 7M to 798 are of n cotTer-dam constructed by W. J. Doberty, for the erection of a river wait 
at Dublin, and descrihcd by him in the Minutes, Institute C.E. It consiats of main piles of Hemel 
timber, 32 ft. long by 12 In. square, driven as space piles on the outer row, 12 ft. apart from ocDlro 
to centre, with ourrcaponding main piles, 10 to 42 ft. long by 12 in. square, driven as an inner row. 
leaving a space of 4 ft. t> in. botwcon for tbe puddle. The spaoe between the main pile* of bnth 
rows was filled in with sheet pile^ 12 in. wide by 6 in. thick ; those on the outer mw were driven 
12 ft. into the ground, and reaohing up to the water level, were 20 ft. lung. Those on the innar 
row being of smaller length, were driven down to the level of the fonndatiou of the new wall, 21 ft. 
below low water, their heads reaching 4 ft, above tbe water level 

The abcet piles on the inaido of the dam were driven with their fuces In a Ittie with the mala 

Elles, BO OS to ofiur no obstruction to the settlement of Uie puddle, and tbe lower edge of the 
oriioDtal plankiiig, 3 in. tliiek, with which the dam was shetted on the inside, fhim the level of 
8 ft. aliove low water to 8 ft. above high water, weru levelled with the same object. Two I t-in. tie- 
tod* of wrought iron were pawed through two half-timber walA on the outside, and the Inside of 



d 2} in. in thicknas, wsrewed up witu hexagonal nuts. Tbe tie-roda wars plaoed at 1 ft. above 
high-water level, uid the other at 2 ft. above low water ; thaao two tie-iodi preveated the dam from 
q>TMding while the pnddle waa being tipped into place, Ciaj not being readily procoiable, peeit* 



moM WM iDbatitated and answered well, when thoroughly consolidated by prewore. Tbe Ktcnm 
gantry necewary for the eiecntion of the works was fitted on staging formed of nprights 9 ft. high 
and 12 in. siasre, resting on the heads of the main rales of tbe onler rov ; on ibeae were plated 
lODsltadiDal mnnets 12 ft. square, with similar aprigbts and runners on tbe Isnd side, at a span of 
90 n., and braced with timbers, 12 in. wide by 6 in, ^p. A row of conttououE Bbeel piling, 26 ft. 
loog, 12 in. wide, and 6 in. thick, was driven along the land side to snpport the adjaceat roadway ; 
U anawered also to receive the stnitUng of the dam. 

X 2 
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As eooQ u about 200 ft. or wall bad been bnilt, a oioas dua iraa ooutmcted betweea the wall 
and the coffer-dam, by fitting a balk of timber a^inet the wall oppodio the maio pile* of the eofler- 
dam, and bnlting to it at intcrralB of 5 ft. horiioiital Naming, into which doae sheet piling was 
drivan. Raking BtmCa wote cairied from the whole timber against the wall and aacutcil at the main 
piles of the dam at snitable diBtaaccs. Cla; pnddte waa tipped in behind the Bheeting, and > row 
of short piles wae driven in at the too nf the elope of the pnddle to prevent it spreading. Thii 
enabled the coffer-dam to be drawn for the length thus cnt oC 



To prevent the dam lioin being pressed ontwarda, a foreahore of dredged material waa depoailed on 
the onteide np to low-water lem, and piles and stmts were plaoed from the inner dam landwards. 
Besides being in a great depth of water, it was found that the bed of gravel upon which the wall 
was founded, dipped considerably at this place ; consequently the piling had to be driven to 28 fL 
below low water, the depth at which sound giavel was met with. 

Figa, T99, SOO, are of a ooffei-dam across the entrance-to the low-water basin, at Birkenhead, 
also conatrncted by Doberty. It was on plan the segment of a drcle whose chord was 176 ft. and 
versed sine 76 n. The width at the top of the dam was 18 ft, and at the ground line 23 ft. ; ita 
extreme height from the toe of the outer row of piles to Uie top of the dam was 61 ft, 6 in. It was 




formed with two tows of whole ptiea, Inclined in either direction, the outer row In lencUii of 35 to 
40 ft. 12 In. wide by 14 in. thick, driven close as eheet piles, with toes reaching to 35 ft. below the 
old dock sill : the inner row driven also aa sheet piles, with toea reaching to 30 ft. below the same 
datan. On every fourth pile of both rows was placed an upright 12 in. 1^ 14 in. thick, by means 
of a acnrf 4 ft. long, secured by four 1-in. bolts, reaching to the level of 3 n. above high water, the 
whole being secured by 9ve tiers of wales, placed on the outside of the piles and uprights at reitiol 
distnncee of 8 ft. Through these wulos were paaacd. at distaneea of 12 ft, a serlei of !-iu. 
wtought-iitm tie-rods sorewod at each end with hexagonal nuts on cast-iron washers, 9 in. s^nun by 
2 In. thick. At the level of high water of spring tid^ an inner wale, 12 in. squuo, was bollol. 
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for the pDipoae oF keeping the uprighta Mimder to the proper width at tlie top. The whole of the 
intericd' of the dam, on both tbe outer nnd inner ton of uprights, from the level of the old dock sill 
(o the top was «boetod with horizontal planking, 3 iQ, in thlclmeaa, to hold the puddle ; the gronnd 
upon which the dam reeled was cbisfly of fine Band, which became quicknnd when gatuiated with 
water ; tbis dam was etentoall; deatiojed b; ouderndning and preunie froa without, and wag a 
ooslly failure. 



The dam, Fig. SOI, was conetmcted to resiBt a cooatant instead of a tidal head of water, and it 
almort ttniight ; it is 470 ft. long, and consists of two rowi of whole piles, each 40 ft. long by 13 in. 
square, drivHQ ae oloae sheeting, about 10 ft. into the ground, and 6 ft. apart between tbe inner 
surliw3e& It wa« braced together with two sets of walee, one at tbe level of high water, and the 
other at 6 ft. below hieh-water level. Throngh each a 2-in. tie-rod paraea, and is screwed np on 
timber chocks and wai^t-rs ontside. The deposit of mud within the dam was cleared out, with a 
dredger, before filliog it with pnddle. In use, after the water had been lowered 6 ft., the dam 
•howed signs of jielcQng, and shoring stmts 14 in. square were placed against the walings and 
pitching of tlie slope. It will be observed thst Ihrougn-bolts are used here, but such a plan is dis- 
advant^eous. as tbe puddle cannot be made tight round them ; it sinks and leaves spaces round 
the bolts, although well rammed, and dams with other intermediate bolls almost invariabtj leak. 
Instead of these bolts, bnttrese piles mav be driven at intervals, to withstand tbe preamre of the 
pnddle, which ma; then be reduced in tbickuese. 

Hany engineers consider that ooOer'dami ma; be dispensed with in hydraulic foundations, 
and prenr dealing with them by other methods, anoh as are doscribod in the article on Bridges at 
p. ]w of this Supplement. 

Fig. 802 is a peculiar form of coffer-dam ooustmcted by Law at Bio de Janeiro, at the entiance 
■ ■ ' ' .. > .-- . -•-.- .1. --'^oary form of coffBr-dsm cor'-* 

r the timber shield, cut at 1 
e shape was measured by oi 
Btmcting a temporary stage, similar in form to "' ' *-'-" " " -' J--"- " '-' 

s rod, at distances of 6 in. apart, and thus a 
with tbo bottom of the shield. The shield « 
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HHttal pmillon ; tlie Snt layer of planb being plaoed clon blether on UnpUti, foniMd the 
ToqiiiBil« cane, joat in tbe Bame m&nneT aa the laggiDg of an oidinair oontre. ui ttae next layer 
the plunkg were bent round tbe oircnmference at right angle* to the (ormer, oeing seoored at tmah 
intersGotioD b; a 5-in. spike ; then incceoded another layer of planks p&raUel to the flnt, and nmi- 
larly seeored i then another pamllel to the woond, and mod, till the total tbiotaiwiof 18iiL«aa 



obtained, eonertaUng of aii plauka of the ordioary dimenaioDB, 8 by 9 In. wide by 14 R. in length. 
The number of thicknessGe of plank was increased aoeording to the depth in water, for 5 R. mi- 
aJBting of only two thickneasea, another plank being added at each additional S ft. in depth. Tbe 
■hield was oonetructod in three weeks by ordinary oorpentera, and caulked in two daya; when oon- 

tleted itwoi lowered witbont difficulty into place, being loaded with mlBcient balUtt to eo«mlef«ct 
uoyancj. It bore against tho roek at either side witbont atruti or bracing of any kind ; a f^ 
pine wedges were ineertHl on the inner side, where tbe shield waa not in contact with the rock. 

Scoring and filrufliiv;.— Pig. 603 is the u£ual method of shoring up a building that ii in dangw 
ofgiriug way. 

A plank of timber 9 in. wide and Sin. thick, the lengtbaTaryiuK with thehdgbtof Ibebmlding, 
is placed against the upper part of the wall to be BnppOTtcd. In this plank rectangular bolea arecvt 
to admitof pieces of timber, called needles, &om 4} in. to 6 in. square, and about 12 in. long. Tba 
needles are passed through the plank, leavingabout H in. projectiugoutlieontaide.andpraetrating 
about the same distance into the wall to prevent tbe planks from slipping, and on tho oatade 
to serve aa an abutment for the ends of the stnils A, A. Tbne needles are idiowii at D, D, 
Fig. 803. A cleat E is uvnall; spiked to the plauk ou tbe upper side of each needle fo' addilional 
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needlee D. D. The ontor strut is 
' other being called the middle raker. 

To rolain tbe struts [n their places, pieces of timber, B, about 1 In. thiek and bam fi in. to 9 in. 
wide, are ntuully nailed on earh side of tbe atruta at a abort distauce from, or inunediately mtder, 
the points nliere tbe needlee enter the plank. In furtherance of tho tame objeci piece* of boop-iioa 
are nailed amand tlie lower ends of Ifae struta. 

Bometimes, to save length, tbe top raker, instead of resting directly on the footing block P, E* 
made to spring from the baek of tbe atmt immediately under it at a distance of a few feet boa 
the gmuod, alarge oliat being spiked to the back of tbe strut to aaslat in auj^mrting it, or a piece 
of timber is continued to tbe footing block for the same purpose 

In cases of booses where one in a row or terrace is taken down, and the party wall* of Ibota 
adjoining are not sufficiently stioag to stand without snpport, stmts are placed between the honaea 
on the opposite lidee of the openiait, in Fig. 804, D being a plank 9 in. wide and 3 in. thick, 
similar to that last described. Fig. 803, one of wbiob is placed against each wall. Baking stnrta 
B, B are flied to tbe npper and lower enda of the plank against tbe wall, and to the himaoatal 
atrot A, wtiiob they atitTen. The cleat* E, E, and the straitiing piece C, are for tbe purpose ef 
keepiug tbeeo raking struts iu their place*. 

TIm horiiontal strut A mny be bom 6 in. by 4 in. to 9 in- by 6 in., and the raJriog strata B, B 
about 6 in. by 4 in., dcpeitdiDg upon the height and distance apart of tbe buildings. 
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It freqnently happens that the upper portion of the mil of ft bnOdiiiE hia to be snppoited, 
vbite the, lovei portion U being removed, either whoU j or partially, for the pnrpoae of renoniug 
the fonndalloo. forming a doorway, or Bhop-&ont 

The method of ahoHnr employed in saoh oasea, tbonsh requiring extreme (are on the part of 
(he workmen, is very limple in principle. Itooneisis merely in brsakingot 




tfaroogh the wall, and inserting abeam or balk of timber in each of safflcient scantling tooarrr the 
wall kbove, and projecting at right angles on each side of the wall to luimit of a stout prop being 
placed ander each end. The props are made to rest on wedges bo that the beam miiy be wedged 
np tightly againrt the wall which it snnporti. The wedges aro placed on stont foot-blooka of wood 
or atone aolidly bedded in tlio ground, ff the altemtlons be eitrnslTe, and are likely to be attended 
with risk, struts aa in Fig. 803 should also be applied to the building where required. 

Shafts for tmrnels, mines, or other purposes, when annk tiirough soft or loose stiala, require to 
be lined to prevent the soil from being disturbed or the sides from being forced in. A shaft is nid 
to bo timbered when it ia lined with wood. Brielt-lined shafts are nlways oircolar on plan, but 
timbend shafta are usually made reotangular, and thay vary in sizo aocording lo the p" 
which tbe; are intended. Four feet square give* tie smallest ai 




In. A shaft of this size is sometimea ui 
wells, trials, or ventilation ; 6 ft. bj; 4 ft is, how- 
ever, a usoal and more convenient size, 'Winding 
or working shafts require lo bo larger ; 6 ft. by 
9 ft, to 10 It square ia a usoal siie for them, and 
tl]ey are sometimes made larger, lurticnlorly when 
they are to be nacd for the purpose of ventilation 
as well, in which case they are divided into 
oprast and downcast compurtmenlB by air-tight 
divisions called bratlioos. 

The lining, or cleading, of a shall conaiala of 

boards, as A, Figs. 805 and 8D6, from 6 In. lo 

8 in. wide, which are placed agwnst the sides aud 

retained in their places by horiiontal fmmes of 

limber B, B, called settings. 

The distance apart of these frames is regulated by the nature of the «'«,"?'' ("^"'"IJBt. and 

their rantling wiKdepend on the size of tbe shaft and on the nature of the ground. Very s..fl 

JS^S^nS" rtronS^ f»m« than merely looie or triable ground, whioh does not o«art so moth 
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pressure a^inst the sides of the shaft. Three feet is the least distance apart the frames axe likely 
to be required even in the worst soils, but it should never exceed 6 ft. 

For very small shafts in average ground the scantling of the frames should not be leas than 4 in« 
square. In large shafts, 7, 8, and 9 in. are usual sizes. Cleats are used to keep the sides of the 
frame together, as by Figs. 805, 806. The thickness of the deading A depends on the distance 
apart at which the frames are set ; when they are about 3 ft. apArt, 1 to li in. is a usual thicknesa, 
and when about 6 ft the oleading requires to be 3 in. thick. The former is, however, the safest to 
adopt in treacherous ground. The frames are kept apart at the regulated distance by vertical props 

E, £, Fig. 805, varying, according to the weight to be supported, and the length of the props, frcni 
4 to 6 in. in diameter. 

To prevent the tendency which the timbering has to slide down the thafls, strips of timber^ 

F, F, Fies. 805 and 806, called stringers, are spiked to all the frames from top to bottom in aucoea- 
sion, and the whole secured to two bEuks of timoer, G, G, Fig. 800, laid on the surface of the ground, 
one on each side of the shaft During the sinking of the shaft the last frame put in is snppcuied by 
raking props, as G, G, Fig. 805. 

In timbering a shaft 10 ft. sauare for a coal mine, two ttrong balks of timber, say 12 or 13 in. 
square, are laid upon the site of tne shaft. The ground is then dug out to the depth of 3 ft, so as to 
allow the next frame to be laid. The inch deals, 6 ft long, are set up behind the frame, the bottom 
ends of the deals passing down half its thickness, and these deala will rise perpendicularly 3 ft 
above the surface of the ground, when a light frame, placed within them at the top, will keep them 
in their places* Six feet more in depth of ground is taken out and another frame laid, and another 
6 ft length of deals put in, also descending half-way down this third frame, and of course half-way 
up the second frame put in, and met ting the bottom of the first length of deals. Then another 
frame is placed midway between these, and a row of props placed between each set of frames keeps 
them all level and in their proper places. 

When this has proceeded some depth, and the ground for a still further length is necessary to be 
taken out, there becomes a tendency for this timbering to slide down, and the balks first laid ooods 
into use. Planks, called stringing planks, are then spiked to these balks, and also to all the frames 
from top to bottom, thus hanging the whole. This may advantageously be done with chains when 
the whole pressure is downwards. Sometimes, however, it is upwards, although in all casea where 
this cither occurs, or is in the least expected to occur, circular timber is almost indispensable. The 
reason why 3 ft. in the first length rises above the surface, is to allow of tip room for the rubbish. 

The internal diameter of the circular cribs for an 8-ft. finished pit should be 9 ft, and the sise 
of the timber in the cribs being, say 6 in, square, would allow about an extra foot all round for 
the walling, with which permanent shafts are frequently lined, the timber being taken out as the 
masonry is put in. 

The mode of putting in these cribs is the same as that of the square frames. An aconrate floor 
of wood is prepared, 1 1 ft. in diameter, in the centre of which is fiixed a pivot, on which a radios of 
6 ft. moves freely, and at 4^ ft from the pivot is fixed an iron point, the use of which is to describe 
upon the floor a circle 9 ft. in diameter. At short intervals upon this circle spikes are driven in, 
leaving an inch of their upper part projecting upwards. The object of this is to fonn a rest to the 
inside of the segments during the operation of forming their joints. 

The timber from which the cribs are to be cut is sawn into planking 6 in. in thickness, and then 
by means of a template set to the circle of the shaft or pit, each plank is as eoonomieally as possible 
cut out into as many segments as it will yield. Although it is evident that the inside of tne ring, 
by being the segment of a circle of 9 ft. in diameter, will not correspond with the outside, which is 
that of a circle 10 ft in diameter, yet it is sufiiciently near, and thus the same out that serves for 
the inside of each segment serves for the outride of another one, or in fact, the same template will 
make all the segments. Several segments having been sawn out in lengths varving from 2 to 4 ft, 
one of them is laid upon the floor, with its inner side resting against the nails inserted as above 
mentioned, and being pressed close to them two or three other nails are driven into the floor, on its 
outside, so as to keep the piece of wood firmly in its place. The radius rod is then applied to the 
piece, and as large a segment marked out of it with the point of a nail as will leave a 6-in. joint at 
each end. The end pieces are then sawn off*. Another piece of wood is similarly treated and placed 
end to end with the first ; then a third, and so on until the circle is completed. Before putUng in 
the last or closing piece, however, it is better to pass a saw through each joint in tJie line of 
the radius of the circle, so as to make them more true, and to drive up the pieces as dose as 
posMble. Well curbs, somewhat similar to these cribs, are described at p. 200 of this Supplement 

Each circle of cribbing may be sent down the pit in three parts, so many of the short segments 
•s are necessary being nailed together, by means of top and bottom cleats of inch-deal, as will make 
a eegment of about one-third the size of the crib. Each of these thirds to have at one end a top- 
cleat, and at the other end a bottom-cleat, nailed one-half upon it, and the other half projecting, 
with the nail holes already bored hi them so as to allow of their beiuK nailed to the adjominir seg- 
ment without any delay. j o » 

•,u?^^* S<^7 and 808 show one method of timbering a heading or gallery, which is nsnally performed 
tli« hl«"i^ ^IV' . ®?^® P^^* ^' ^» ^'^"^ ^i^^ '"• ^ diameter, are laid on the ground or floor of 
i!i^n^r«L"f ♦^i}°'* P"/^ ""[ ^^^^ **«^» A'^' <^"«i piling l»*ni8» «^^at 1 or IJ in. thick, aie 
VoauU iSir'SV^'^ ^'^^^''L^^% ^J^*^^°^» underneath whiclh, so as to take the ends of the polinr 
hoonhs balks of tiniber B, B. of the same diameter as the sole pieces, are nhiced and flimlY wed^ 



top, arc fixed against the sides. 

tionH!''roU,;' iLX a'1v''T"^* ^^?f *^^ ^ timbering the sides of trenches and narrow exc^va- 
onn„ I cirds A, A, about 8 ft m length, 1 to 1^ in. thick, and from 7 to 8 in. wide* aie 



pluedtgftmattbeaidMoftheexMVBtioDoteaohniooetslTedspthofSrt. UatcaTOtod. Anotdiiury 
df&l plaiik B. 3 in. thick and 9 in. wide, called a wtliag, ia placed loDgitadinallT egainst the middk 
of each row of poling boards. The planks oo oppoaile aidei of the trenoh are kCTit ia tLeir plaoM 
b; BtmlB O, C, laid aciou and tigbU; wedged agaiiut them. The itruta Tary m nie fnno 4 ia. 
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■q^ to a or 8 in. iquare, aooordlng to thaii length and the preanre thej have to engtain. This 
mude or limbering can be exeoated as the work prooeeds, and the timbeta can be leadUj taken out 
io parts when required. 

j™}?'''^ J '*'" " "* '*** '*"' ""* ''^*" "f **"* ejoavation cannot be nphrld nntil a anffieient 
depth u dug to admit of the inaertion of the 3-ft. poling boaide. long planka called monera, oauallj 
£i ■ J \"'- "■''^^ and 7 or B in. wide, pointed and aometiniea ebod with iron nt'ono end. are placed 
behind the waliiiga instead of the poling boards. The waliiisi in tl.is case require to be of atont 
tmber, frequentlj as mooh as 12 in. by 6 in., and the slrata aEonld ba proportionally atrong. The 
ruQlien should be constantly dri?eii as the work prooouds, and their points kept abonl 12 or 18 in. 
in the ground below the bottom of the trench, to prevent the sides from falling in and to permit the 
tocBvation to be carried to the required depth. Theee runnera are, however, diffloolt to draw out 
anerwards, and they have ■ometlmea to be left in. 
CAST moN. 

Caat iron is a granular and crystalline oompound of iron and carbon, more or less miied with 
tmcombiDed carbon in the form of grapUile, but noTer containing more than 5 per oenL It U harder 
than pare iron, more brittle, and not so tough, and is obtained by the direct reduction of iron ores 
in the blast fumaoB. The modus of combination of the carbon with the metal, as well ne the nature 
and proportion of foieign matters, snoh as atltoon, glnminn. eulpbur, phosphorus, and manganese, 
determine the infinitely Tarylng qualities relating to its colour, degree of fusibility, hardneos, 
tenacity, and so on. 

Pig iron is the form in which oast Iron appears wheu delivered bom the smelter, consisting 
of tough oblong blocks of the metal, which have been run direct fttim the smelting furnace into 
open moulds. 

In practice, the different varieties of cast iron wlien in the pig, that is, as they are sent from the 
■mollint! furnace, are distingnished by the colour and general appearance shown bj newly broken 
surfaces ; these exhibit every variation from dark grey to dead hard white. 

All caat irons are not available for foundry puipties ; those preferred are Irons which become 
nfficientlf Suid upon fusion to fill every part of the moulds in(o which they are poured, which 
shrink but alightly upon cooling, which, once in a solid stale, admit of easy manipulation, and whilst 
Mtiafying these conditions, poaseas Bnfficlent strength for thepurpoae to which they are to be applied. 
These difi*erent qualities are found oombined in a higher degree in grey cast iron than in white 
itODS. and the former are therefore moat generally used for foundry work. 

Grey iron merges into white iron bv imperceptible degroea, and in some irons the two are clearly 
deteloix^ in the fracture of one and the same pig ; it is then called mottled iron, and this ia 
frequently of great strength. Borne seven or eight classes may be found running from dear white 
at the one extreme to dense grev at the other, and each class is commercially recognized by a 
dutinctive number, No. 8 l)eing the whitest, 5 the motUed, and the lower numbers Including the 
grey varieties. But throe kinds were at one time clasaified. In recent year^ however, the larger 
number given above has been almost invariably adopted. 

In white cast iron the greater part of the carbon is present in the form of a ohemical combina- 
tion, carbide of iron, whilst in grey cost iron the carbon is mechanically interspersed in small block 
cks amongst the lighter coloured particles of metal, the fracture being of a lurk grey colour, and 
being of a gmaular or scaly orystalhne chiracter. Grey cast iron is much softer and tougher than 
white iron, and may he filed, en turned : whilst white iron is very brittle, and can neither be turned 
in a lathe nor filed. 

Theee qualities mav be altered to a certain extent, as by casting grey iron in thick iron moulds, 
or ohilla, it becomes almost as hard as steel ; but this change takes place only at the surface, the 
inside of the casting still retaining its grey colour. If it is desired to soften a casting which is tu> 
hard to be turned or bored, this con be done by heating the casting for several liaurs in a mixture 
of bone-ash and ODal.dast. or in common sand, and allowing it to cool slowly whilst still imboddi.'d 
in these bad heat-oonducting materials. 

Orey oaat iron requirea a higher degree of heat before it commences to fHise, but become* vei7 
liquid at a sufficiently high temperature, so as cosily to be run into moulds. 

White cast iron is not bo well adapted for cestinf;, as it dooa not fiow well ; it is ratlior pasty 
in connstonoe and MdntUlalea •■ it flows from the furnace to a much greater extent than grey iron. 
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White oast iron is silvery white, either grannlar or crystalline, diffionlt to melt, brittle, and 
excessively hard. 

This quality of iron is obtained by nslng a low temperature and a small quantity of fdel in the 
blast furnace. It is a homogeneous chemical compound of iron with Oom 2 to 4 per cent of carbon* 
and is well suited for forge purposes, to which it is generally applied. 

Granular cast iron can oe converted into grey cast iron by fusion and slowly codling ; whilst 
grey cast iron can be converted into granular white cast iron by fusion and suddenly cooling. 

Crystalline white cast iron is haider and more brittle than the granular, and is not capable of 
being converted into grey cast iron. This variety is too brittle for use in maiohinery. 

The general composition of the three principal varieties of cast iron is shown by the colomns 
marked F G H in the following tabic ; while in column A is indicated that of the 8onth Wales 
cinder pig; B, common white pig from the same locality ; 0, mottled iron made with charcoal and 
cold blast ; D, Dowlais No 3 best mine pig ; and E, Cleveland No. 2 foundry pig. 

Grey cast iron contains about 1 per cent, or less of carbon in chemical combination with the 
iron, and from 1 to 4 per cent, of carbon in the state of eraphite in mechanical mixture. The 
larger the proportion of graphite, the weaker and more pliable is the iron. 

No. 1 contains the largest proportion of graphite; it is distinguished in appearance by great 
smoothness on the surface of the pig, and is the most easily fusible, produces the finest and 
most accurate castings, but is deficient in hardness and strongth, in which it is inferior to Nos. 2 and 3. 

It is indeed charged with carbon to excess, and when turned, free carbon may be observed flying 
off like powder. The crystals are large, extending over the entire fractured surface, which shows 
a characteristic blue-grey colour and coarse grain. When broken, the pig does not ring, but falls 
asunder with a dull leaden sound, and it usually breaks very evenly, showing but little tenacity. 
When fluid it is marked b^ a notable absence of either sparks or splashes. The surface is dark and 
sluggish, and as it cools it becomes covered with a thick scum, which is a source of much waste. 
Used very hot, as when melted in a crucible and air furnace, it is so fluid that it will run into the 
finest and most delicate moulds. This property, as already remarked, peculiarly adapts No. 1 
foundry pig for the purpose of small thin and ornamental castings, and anvthing that requires a 
minute adaptation of the metal to the mould. No. 1 is not often employed by itself^ but commonly 
as an admixture with scrap. 

Table I. — Compositioh op Cast Ibon. Spretson. 



Iron 

Combined carbon . . j 

Graphite / 

Silicon 

Sulphur 

Phosphorus . . 
Manganese • * . . 



A 

Grey 

Cinder 

Pig. 



93-55 

2-80 

1-85 
014 
1-66 



B 

Common 

White 

Hg. 



C 

Mottled 
Iron. 



97-27 

2-42 

0-36 
0-87 
1-08 



93-29 
2-t8 
1-99 
0-71 

trace 
1-23 



D 

Best Mine 
Pig. 



Fonodry 
Kg. 



94-56 
0-04 
3-10 
216 
Oil 
0-63 
0-50 



93-53 

3-44 
118 
03 
1*24 
0-43 



F 

Grey. 



90-24 
1-82 
2-64 
306 
114 
0-93 
0*83 



G 
Mottled 



89-39 



1 
1 
2 
1 
1 




79 
11 
17 
48 
17 
60 



H 
WUte. 



89-86 
2-46 




1 
2 




87 
12 
52 
91 



2-72 



No. 2, which is lighter in shade than No. 1, is finer in grain, not so soft, it is not so fltud when 
molted, nor the ekin of the pig so smooth. Being closer grained and more regular in the fracture, 
it is more tenacious, and while capable of being easily turned and polished, being harder and 
stronger than No. 1, it is preferred for strong ornamental castings. Melted, it is seen to be of a 
clour reddii<h white colour, splashing little when poured into the ladle. There is a scum and » 
sluggish flow, but not to the same extent as with No. 1. When being run into the mould, it breaks 
over the edge of the ladle in large sheets, leaving behind them lon^ narrow lines running from side 
to side. As the iron cools, these lines open in various directions until the surface is in lively motion^ 
lines intersecting each other in every direction. This activity continues until the snrface beoomet 
stiff or pasty, but on removing this covering, these lines are again seen flittmg over the surface. 

No. 3 is the most extensively used foundr^v iron, owing to its being a medium between the 
extremes, which can therefore be used for a variety of purposes. It has less carbon than the other 
two kinds, and posses:jes less fluidity when melted ; it is also more minutely g^rained, and smoother 
in the fracture than No. 2. The broken surface shows a slightly mottled appearance at the margin, 
while at the centre there is a regular arrangement of smaller crystals comparatively ccmipact and 
dense. As it flows into the ladles there is a dii^play of sparks flying in various directions, and an 
absence of scum, the surface being clean. Figures are slightly visible at surface, but are small, and 
pass off entirely as the metal cools. It possesses a greater degree of toughness, as well as hardness, 
and turns out strong, durable castings; it is therefore select^ for parts liable to great and sudden 
straiiifl, and exposed to constant wear and tear : tram plates, for example, heavy sluifts, wheels, and 
ordinary steam cylinders, where large quantities of scrap are available. It is the opinion of manv 
founders that a considerable advantage can be gained by a liberal use of No. 3, in conjunction with 
a smaller mixture of good soft pig iron. 

No. 4 foundry iron, as it is called, when fractured, is more or less mottled, with a whitiA ^<3mj 
appearance. The pig is difficult to break, and the fracture uneven, indicating a oonsiderabto 
amount of tenacity. When melted very hot it has a clean, glowing stufaoe, and as it is poured it 
throws out showers of sparks in all directions, which continue to break into small particles, and 
fuse during their flight This phenomenon is peculiar to this description of iron, but may be 
observed with other irons which have been very much exposed and oxidized by the atmosphereL 
Whilo still In a melted state a constant succession of small globules rise to the sorfaoe, these 
expanding gradually and seeming to merge by degrees into the molten mass, being replaced 
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oontiniiAllj while tibe iroo remains fluid. On cooling, the snrfiMoe is foond ooTered by thin Mal«8 
of oxide. Na 4 will be foond applicable to very heavy eaatinga, sach as girders, bed*piatei^ engine 
beams, plain oolnmns, and the like, eroecially where there is little alter machine manipulation 
neoeaaary. It is obvioasly ill adapted for light casting, as its density renders it useless for filling 
delicate moolds. The purely white irons are entirely unsoitable for foundry purposes, and are 
therefore beyond our consideration here. 

The following remarks upon some points which we haye already treated of may aid in roughly 
estimating the quality of a cast iron. 

When the eoUnu is a unifoim dark grey, the iron is tough, proyided there be also high metallic 
lustre ; but if there be no metallic lustra the iron will be more easilv crumUed than in the former 
case. The weakest sort of cast iron is where the fracture is of a dark colour, mottled, and wiUiout 
lustre. 

The iron may be accounted hard, tenacious, and stiff when the colour of the fVacture is lightish 
gre3%with a high metallic lustre. 

when the colour is light g;rey, without metallic lustre, the iron is hard and brittle. 

When the colour is dull white, the iron is still more hard and brittle than in the last case. 

When the fract ure is greyish white, interspersed with small radiating crystals, the iron is of the 
extreme degree of hardness and brittleness. 

When cast iron is dissolved in chloride of lime, or chloride of magnesia, the sp. gr. is reduced 
to 2' 155 ; most of the iron is removed, and the remainder consists of graphite with the impurities of 
cast iren. A similar change takes place when weaver's paste is applied to iron cylinders. Sea-wator, 
when applied for a considerable time, has the same effect. It takes much longer to saturate whito 
cast iron than to affect gr^. The soft grey iron yields easily to the file after the oaier crust has 
been removed, and in a cold state ia sUghtly malleable. 

We may state also that the quality of iron in a melted state is readily Judged of by a practised 
eye from the nature of the agitated aspect of its surface. The mass of fluid seems to undergo 
a oiroulation within itself, having the appearance of ever-varying network. When this network is 
minutely subdivided, it indicates soft iron. If, on the contrary, the iron is thrown up In largo 
convolutions, the quality of the metal must be hard. 

There are many individual exceptions to the ordinary dassiflcation of pig iron, which, although 
a matter of great convenience, is so for artificial, inasmuch as iron varies in quality, measured by 
the minuteness of the grain and foreign admixtures, by minute graduations between tbie two extremes. 
Considerable latitude is therefore aUowed in the olassifioation of pig iron. 

** Scrap" or the broken-up fragments of every conceivable article which cast iron is employed to 
make, is as variable in composition as can well be imagined. A general characteristic Is that it 
can be melted with less fuel, as it is deficient in the thick siliceous skin which usually covers tho 
pig, and more can be melted in a given time, as the silica necessitetes a liberal use of limestono or 
some other flux, by which course damage frequently occurs to the lining of the cupola. It should 
be observed that ** scrap " has become altorea from its original composition as often as it has bi>vn 
remelted, for on every cooling the parts nearest the surface become whito and hard, that is, to some 
extent chilled, and conteinlng, therefore, more combined carbon than before, and honoe ito common 
daily use as an addition to soft pig, in order to confer upon the latter greater hardness and closer 
grain. It is a mistake, however, to suppose that a casting made with fine-grained aorap will have a 
finer grain than that of the pig employed to make it, for it is obvious from a slight consideration of 
the laws of crystallization, allnded to at p. 313, that the fineness of tho grain, that is, of tho 
crystals in a finished casting, materially depends upon the size and tbe rate at which it cools. 

It maj not be out of place here to refer to the erroneous idea that repeated meltings improve tho 
quality of cast iron ; in fact, with many cases it is quite the reverse. Blr William Fairbaini gave 
this fallacy to tiie world some years since, and going forth as it did under the sanction of Jiis name 
and justly regarded reputetion, it has been repeatedly received as an established fact. To that 
great master of the founders' art, Robert Mallet, is due the disproval of Fairbaim's conclusions, and 
3ie true view of the matter.* Mallet says ; — 

**• Every melting mixes it up with more or less finely divided oxides and silicates, In addltiun to 
which the earths, which are met with in the materials of the furnace, tbe fuel and the flux, often 
get reduced, and their bases in minute quantity alloyed with tho iron. The conjoint uffoot of tho 
foreign bodies and diffused oxides is to prevent the metel running clean in the moulds, or making 
sharp, sound castings ; and the effect both of the difftued oxides and of tho alloy with thu nietaU 
of the earthy bases, is frequently to sensibly impair the ultimate cohesion of tho oist Iron. 

'< These evils are masked, or rather may be occasionally masked, by tho increase of hardtiflNs, 
the approach towards white cast iron, which is produced by each succomnIvo cooling ; but tho ooin- 
bined effect is not that of improvement in the metel as a structural material, but a dcit^rlorailon { 
for although it is, as is well known, a foct that tbe ultimate cohoMion of white mui Iron Is iniioh 
greater than that of grey or darker coloured metal, its coefHcient of extensibility at rupture is a grt'ttt 
deal less; in other w<n&, the white cast iron is stronger, but nut mo tough. 

**For theee reasons, as well as others affectlns the facility and jicrfoclion with whi<'h hiird whlt<t 
cast iron is moulded, it is to mislead the prartical iron founder to UsU him Unit tlie ofti'usr itii iiikHs 
and caste his good pig iron, up to ' thirteen times ' at least, the better it \Hionunm. In hrUft tho foi'ts 
are these ;— 1st. Every additmnal melting of cast iron injures, or is likely to in lure, lis quality as a 
structural material by the addition of foreign substencos. Th(;se roiluce tho yalue rif tlis tUiotdoU tii 




melted, but' oonrtantiy'decreases the ''ooeffirient of ultimate oxt^mNion, llmt is, thd iiM^tiiJ by ro. 
oroling becomes stronger, but more brittle. The limit to i\ui§/i tjftetiU is found at ih«< point whi ro 
the whole of the cast iron has passed into the stete of white cast lr«/n, ss it Is proiltiiifd in *' ihii 
chill," or in the ** finery ingot'' The efl^^cts arc more rapid as res|ieote tijo tiMiltiiig in proinMUm 
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as foreign bodies, having more powerfnl affinities and in larger anantities, are presented to iheoasi 
iron in the fnmace ; we may add also, as the nature of these booies shall be more or leas injnrioos 
when combined therewith ; and as respects the cooling are more rapid in proportion as the rate of 
cooling is more so. 8rd. The conjoint &Smi of repeated and alternate melting and cooling thai 
may or may not result in a material possessing a higher coefficient of ultimate cohesion at mptoret 
but will always result in one more brittle, and thus of less in place of greater structural yalue. Aa 
respects the properties of the niaterial in the iron founder's view, its moulding properties are always 
deteriorated. 4th. If the cast iron at the commencement be assumed to be very bright grey mottled 
iron, or white iron, then it is certain that the effects of every snbseauent melting, under the ordinarj 
conditions of cupola or air furnace, must prove deteriorative, and that only.*' 




known as •* cold-short ** iron. 

The latter is the greater defect of the two. To avoid sulphur, use fuel which is free from 
sulphur ; iron, which mus been smelted, or puddled with charcoal, or with coke, that is, free from 
sulphur, is the strongest and toughest. Hence the high estimation in which '* charcoal '' iron is held. 

Ph(»6phorus comes either from phosphate of lime contained in the ore, the fuel, or the flux, or 
from phosphate of iron in the ore, phosphorus being most abundant in those strata where animal 
remains are found. 

The presence of calcium and silicon can only be avoided by the nse of ores that contain neither 
silica nor lime, such as pure hflsmatite, or pure magnetic iron ore. 

Silicon mfl^es iron brittle and hard, and has a similar effect on it to phosphorus; it is 
constantly found in cast iron ; hot-blast iron has more silicon usually than is found in cold-blast iron. 

Alloys of iron are but of small importance to the founder. The following ma^ be briefly noted ; — 

Chromium does not readily combme with iron, which it causes to be excessively hard. 

Arsenic imparts a fine white colour to iron, but makes it brittle. 

Gold combines very readily with iron ; it serves as a solder for small iron castings, such as l»eaat- 
pins and similar articles. 

Silver does not unite well with iron, but a little may be alloyed with it ; it causes iron to be very 
hard and brittle. The alloy is very liable to corrosion. 

Copper, if alloyed with iron, is not regarded as a homogeneous compound, but a small quantity 
of iron added to brass increases its tensile strength. 

Tin, with iron, makes a hard, but beautiful alloy, and can be mixed in any given proportions, 
which, if nearly half-and-half, assumes a fine white colour, with the hardness and lustre of steel. 

Alloys of iron are but seldom used at present, owing to the easy and economical ways in whidi 
it can be gilded, rilvered, and galvanized, or coated with other metals. 

Of the various brands of cast iron which are useful to the founder, Scotch pig iron is supenor 
for most purposes to any other pig iron ; a little Scotch Ko. 1 will give fluidity to inferior brands. 
Gartdherrie, Coltness, Langloan, Shotts No. 1, are in much demand on this account. This 
superiority may be partly attributable to the varieties of ironstone which occur in Scotland, and 
partly to the adaptability of Scotch coal under proper manipulation to produce Ko. I iron. 

Coltness pig iron is almost exclusively usea for foundry purposes, and is in verv high demand 
owing to its high percentage of tmcombined carbon, which makes it particularly suitable for 
mixing with the light grey qualities of charcoal iron produced on the Continent, and with old 
foundry scrap. 

To good Scotch pig is frequently added a certain proportion, varying to suit the requirements of 
the case, of " all mine " Staffordshire iron. 

Lilleshall pig iron is a celebrated cold-blast iron, remarkable for its stien^ and resistance to 
torsion and tensue strains in a manufiEtctured state ; hence it is generally kept m stock to be used as 
a mixture for the metal in any casting where strength is of primary importance, and it is also very 
largely used in foundries for casting into soft or hara chilled rolls. * 

The following list gives the names of a few of the most celebrated British makara of good melt- 
ing pig iron. These mive been selected for no invidious reason, os there are many others making 
excellent foundry pig whose names are unknown to the writer : — 

Boberts and Co. Tipton Green Furnaces. Make good melt- 

mg iron for bedsteads, and forge iron. 

H. B. Whitehouse Prior Fields, BiUton. Best melters. 

Bowling Iron Co Best meltera. 

J. H. Pearaon Windmill End, Dudley. 

Cochrane and Co Dudley. 

Madeley Wood Co Shropshire. 

W. BairdandCo Gartsherrie, Scotland. 

Coltness Iron Co Coltness „ 

Wilson and Co Summerlee „ 

R. Addie Langloan „ 

W. Dixon Govan „ 

Merry and Co « .. .. Cambroe „ 

Shotts lr«.n Co Shotts „ 

BtUTOW Ha)matite, Iron and Steel Company .. Barrow. Iron for malleable castings. 

In making ornamental casts, strength is of secondary consideration, but in machinery, and 
girdere for structural purposes, it is of the first importance. In foundries where machinery ib 
cast, or watiT-pipes, or beams lor bridges, or architecture there should be means of testing the 
strungth of their cost iron. The safest and best way of domg this is to have a standard pattern. 
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my a bar 2 tU long, 1 in. thick, and 2 in. wide. ThiB pattern is to be moulded In a particnlor 
fliuik, with uniformly dry sand, and cast inclined at a particular degree. The mixture of iron is 
made in a crucible melted in an air furnace. Tlus proof-bar is fastened with one end in a yioe, and 
at the other end a platform is suspended, upon whien so much weight is piled as to break the bar. 
Its deflection or deyiation from ue straight line, or from its original position, is measured. In 
this way the relative strength as well as the degree of elasticity may be measured, «nd the 
relations of the strength of one mixture of iron to another mixture are decided with great practical 
certainty. Under all conditions a mixture of seyeral brands of iron is stronger than the average 
strength of the whole, each taken by itself. It is rare, therefore, to employ only one kind of iron 
in the foundry. Generally mixtures are made, varied according to the nature of the objects to be 
cast, the wdlk to which they will be applied, and the strains to which they will be exposed. It is 
the power of making mixtures which possess these qualities, of various kinds of iron in the casting, 
that forms the principal advantage of the second fusion. The founder can thus modify, entirely at 
will, the nature of the metal according to the exigences of his work, and apply to each object the 
quality of iron best adapted for it. 

A thorough acquaintance with the different kinds of oast iron and the results obtained by their 
mixture constitutes one of the qualifications of a good founder. It ia like many other things very 
diflBcult to acquire, and can only be the fruit of numerous observations and a lengthened experience. 

The kinds of pig iron which should be mixed, to obtain the best results, depend very much 
upon the situation of the foundry, and the qualities of iron which are most easily and cheaply 
pmeured in the immediate neighl)ourhood, and as the nominal brands of iron differ considerably in 
quality in various localities, only a few general considerations can be mentioned, as in purchasing 
the buyer will have to be guided mainly by his experience, and the possibilities of obtaining 
an article as near his requirements as his position affoids. 

If pig iron is too grey, or too spongy, it may be improved by adding No. 8 Iron, or scraps from 
old castings, which are preferable. 

Very black grey iron will boar an addition of 30 per cent, of No. 3 pig or scrap. Iron which 
contalhs too litUe carbon is successfully improved by adding No. I until the wished-for strength 
and texture are obtained. Iron from different furnaces ought to be mixed together, and if there 
is any possibility of obtaining iron from different localities and different ores, it is to be preferred. 

In all cases, however, it ia better to mix No. 1 of one kind with No. 2, 3, or 4, or scrap of 
another kind. 

A mixture which makes a close and compact grey iron is the best both for strength and 
economy, but in each instance proper consideration must be given to the purposes for which the 
iron is required, as it by no means follows that a mixture which is excellent for one class of casting 
is even tolerably adapted for another dass. Thus iron which makes a sharp, clear casting for small 
ornamental work, ooi^d not with safety be used for parts of heavy machinery, or for beams and 
girders. 

Small or ornamental castings require a fttsible iron, not too grey, which will soon solidify and 
take a clear, sharp impression from the moTild. 

Iron which is a little cold short, containing a slight admixture of phosphorus, does well for such 
work ; whilst for railings, or balustrades, or other purposes where the nron may be subjected to 
rather sudden strains, the pig should be fine grained, and ftee from phosphorus. 

In order to obtain a metal having the utmost slipperiness of surface, manganiferous iron is 
strongly recommended. For heavy castings, where great tensile strength is required, spiegeleisen 
should not be used ; but if an iron is required that will be good for turning and boring, as in the 
case of steam-engine cylinders, a manganiferous iron must be used in such proportions as will 
render it most suitable for undergoing these operations. Spiegeleisen alone does not give the right 
metal, as it contains from 8 to 10 per cent, of manganese, which is too large a proportion ; 2 or 3 
per cent, of manganese is the best for giving a good slippery surface, which will continue in the 
best order in working, and is consequently well suited for horizontal, stationary, and locomotive 
cylinders, and for o&er sliding surfaces. A metal possessing great fluidity in melting can be 
oDtained by a mixture of North Lincolnshire manganiferous iron with hffimatite and a little . 
Scotch pig ; this gives a close metal, which, though difficult to file, can be turned and bored with 
facility. By the use of the simple ineredient manganese, added in proper proportions, iron for the 
exact character required for steam cylinders, slide valves, or motion bars can be obtained. 

While ordinary cast iron emits sparks when run from the furnace, and often gives off occasional 
bubbles of gas during its cooling, iron containing manganese evolves so much combustible gas, that 
upon the surface of the metal while flowing frem the furnace is a sheet of burning gas. While the 
iron is cooling the gas is discharged in numerous jets. Iron containing manganese retains after 
solidification much more hydrogen than cast iron. A specimen of each kind of iron weighing 
600 grammes (17-635 oz.) heated in a vacuum to 1472*^ Fahr., gave off the foUowing quantities of 

^^ * Charcoal Iron. Sptegelelscn. 

Carbonic acid 0*6 .. 00 

Hydrogen 123 27-0 

Carbonic oxide 28 00 

Nitrogen 1*0 2-5 

The carbuietted manganese takes up much more hydrogen than iron carburetted to the same degree. 

It is seen, then, that the presence of manganese in cast iron increases materially the occlusion of 

hydrogen, and diminishes that of carbonic oxide. 
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HismatiteJ^Ni^ 'ToSrsTand Glengamock mixed with good scrap in varying proportions 
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Where great hafdnees is required, an ezcellent mixture is 2 partft oharooal pig, No. 5 ; 4 parli 
Scotch pig ; 30 parts scrap. 

In order to get a perfectly homogeneous mixture, and at the same time to have the power of 
thoroughly examining the metal before finally casting, it is advisable to melt the metals together 
first, and cast in small ingots or pigs, which can be easily broken for testing and examination. If 
the mixture proves satisfactory, it can then be remelted, and cast in the mould. Such a precaution 
will often save the production of waster castings 

When a tough, close-grained casting is required, borings and turnings of wrought iron are often 

Eut in the cupola along with the broken pig. An instance of such a mixture is when a powerful 
ydraulic cylmder is to be cast, for unless the metal is very fine in the grain it will be useless fur 
the purpose. Care and judgment exercised in the preparation of the charge of metal far the cupola 
will always bring its own reward and substantially add* to the reputation of an^ foundry. 

Morris Stirling had a process for making tough iron, which consisted in putting pieces of 
wrought iron into cast iron, and passing them through the furnace together. Most practical iron 
founders have some particular mixtures of iron to which they attach great importance, and with 
reason, for upon the judicious union of different brands of iron the ultimate value of the c^w^Dg for 
its special purpose mainly depends, and as carriage is an expensive item in dealing with so weighty 
a material, that which is lightest is, other things being equal, the best iron to employ. 

Table 2 will be found of service, as it exhibits the percentage of carbon and silicon contained in 
various kinds of cast iron, and for comparison similar particuUrs of some wrought irons and steeL 



TaBLB IL — TsaOEKTJLGE or CaBBOX and SiLTOON OONTAIKED in YABIOUS kinds or GA8t AND 

Wbought Iron and Steel. 



Descriptioo. 



Spiegeleisen (New Jersey, U.S.) 

„ (Carman) 

„ (Musen) 

Lofista pig iron (Dannemora, Sweden) 

Grey pig iron. No. 1 (Tow Law) 

„ „ (Acadian Iron Go.) 

Grey foundry pig iron. No. 1 (Netherton, South 1 

Staffordshire) / 

Ditto ditto. No. 2, ditto 

Grey forge pig iron ditto 

Forge pig iron, ditto 

Strong forge pig iron ditto 

Grey pig iron (Dowlais) 

Mottled ditto, ditto 

White ditto, ditto 

Mottled pig iron (Welliugborough) 

White pig iron (Blaenavon) 

Beflned iron (Bromford, S. Staffordshire) 

Puddled steel, hard (Konigshutte) 

Ditto ditto, mUd (^South Wales) 

Oast steel, Wootz 

for flat files 

(Huntsman's) for cutters 

for chisels 

Die steel (welding) 

double shear steel 

quarry drills 

masons' tools 

spades 

railway tiree 

rails 

plates for ships 

very mild \ 

(melted on open hearth / 

Hard' bar iron (South Wales) 

„ (Kloster, Sweden) 

(Russia) 
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It Aeems Boaieely poBslble to exaggerate the importanoe in defiigning iron oaetings, of bo 
arranging their outlines as least to int^ere with the natural laws of crystallization, wmoh oome 
into play during the cooling of the metaL 

It is of vital importanoe that anyoue who may have to design castings should thoroughly under- 
stand the problem, ** How does the shape of the casting allow the lines of crystallization to flow so 
as to keep them in the most compact form, and so that the molecules are not separated by any 
unnatural force ? "^ 

The following remarks on crystallization will have no reference either to iron or steel, when it 
has undergone the process of either rolling or hammering, for these so re-arrange the molecules as 
to direct them from their natural flow, just as when they pass from a liquid to a solid state. We 
must therefore confine our attention to metals passing from the liquid to the solid condition, by the 
act of crystallization ; and more particularly to cast iron and brass, for it is to these that the 
founder has most frequently to direct his attention and to exercise his skill. Not unfrequently the 
founder gets the blame when some portion of a cast-iron structure has failed, even when no defects 
are apparent to the uninitated. It is asserted that the founders have not put good metal in the 
casting, for that it has been calculated from a proper formula, what quantity of material should 
carry the load required. At the same time it has not been considered in which way the lines of 
crystallization flow, nor by the addition of many excrescences to the casting, that they may have 
00 distorted it as to render it comparatively a very weak thing. 

Iron which has been poured into a mould, on changing from a liquid to a solid state, becomes a 
mass of crystaJs. These crystals are more or less irregular, but the form toward which they tend, 
and which they would assume if circumstances did not prevent, is that of a regular octahedron. 
This is an eight-sided figure, and may be imagined to be formed out of two pyramids, having their 
bases together. In a perfect crystal of iron all the lines joining the opposite angles are of equal 
lengths and at right angles to each other. These lines are called the axes of the crystal, uon- 
oerning this formation of crystals. Mallet observes, '* It is a law of the molecular aggregation of 
crystalline solids that when their particles consolidate under the influence of heat in motion, their 
cryetals arrange and group themselves with their principal axes in lines perpendicular to the 
cooling or heating surfaces of the solid, that is, in the direction of the heat-wave in motion, which 
is the direction of least pressure within the mass. 

^ This is true, whether in the case of heat passing from a previously fused solid in the act of 
cooling and crystallizing on consolidation, or of a solid not liaving a crystalline structure, but 
capable of assuming one upon its temperature being sufficiently raised by heat applied to its 
external surface, and so passmg into it. 

'^ For example, if an ingot of sulphur, antimony, bismuth, zinc, hard white cast iron, or other 
erystallizable metal or atomic alloy, or even any binary or other compound salt, or hyaloid body, as 
sulphide of antimony, calomel, sal-ammoniac, various salts of baryta and lime, chloride of silver or 
lead, or even organic compounds, such as camphor and spermaceti, provided it only be capable of 
aggr^;ating In a crystalline form under the influence of change of temnerature, as from fusion or 
sublimation. If an ingot or mass of any such body be broken when cola, the principal axis of the 
crystals will always be found arranged in lines perpendicular to the bounding planes of the mass, 
that is to say, in the lines of direction in which the wave of heat has passed outwards from the 
mass in the act of consolidation.*' 

Now, cast iron is one of those crystallizing bodies which, in consolidating, also obeys law more 
or less perfectly, according to the conditions, so that generally it may be enunciated as a fi^t, that 
in castmgs the planes of crystallization group themselves perpendicularly to the surface of the 
external contour; that is to say, in the direction in which the heat of the fluid cast iron has passed 
outward from the body in cooling and solidifying. This is because the crystals of cast iron are 
always small, and are never well pronounced. Their directions are seldom apparent to the eye, 
but they are not the less real. Their development depends ; — 

1. Upon the character of cast iron itself, whether or not it contains a large quantity of chemi- 
cally uncombined carbon, suspended graphite, which Earsten has shown to be the case with all cast 
irons that present a coarse, large-grained, sub-cx^stalline, dark and graphitic, or shining spangled 
i^acture. Such irons form in castings of equal size the largest crystals. 

2. Upon the size or mass of the casting presenting for any given variety of cast iron the largest 
and coarsest aggregation of crystals, but by no means the most regular arrangement of them, which 
depends chiefly upon — < 

3. The rate at which the mass of casting has been cooled, and the regularity with which heat 
has been carried off by conduction from its surfaces to those of the mould adjacent to them ; and 
hence it is that of all castings in iron, those called *' chilled," that is to sav, those in which the 
fluid iron is cast into a nearly cold and very thick mould of cast iron, whose high conducting power 
carries off the heat, present the most complete and perfect development of crystalline structure, 
perpendicular to the chilled surface of the casting. 

In such the crvstals are often found penetrating to 1} in. or more into the substance of the metal, 
clear and well-denned. 

In a round bar the crystals are all radiating from the centre ; in a square bar they are 
arranged perpendicularly to the four sides, and hence have four lines in the diagonals of the square, 
in which terminal planes of the crystals abut or interlock, and about which the crystallization is 
always confnsed and irregular. 

The direction of the crystalline radiation follows the planes of the figure, with but little exception 
or deviation. In a flat plate are diagonal lines of weakness, as in a square fig^ure. The pairs of 
diagonals, joining the comers nearest to each other, are joined by a long line parallel to the two 
long surfaces. This line is also a line of weakness, as the lines in which the crvstals assemble in 
the systems belonging to each surfieuse b^n at the surface, and, as the casting cools, elongate toward 
the centre. When they meet in the middle they do not form continuous lines through from one 
surface to the other. 
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GastiDgB may be made which vill not show this peculiar appearance, and may not have ft in 
any marked degree, but if snoh castings are exposed to heat tbe ciystals will change poaition, and 
assemble in lines perpendicular to the surfaces through which the heat entered the casting. The 
greater tbe heat the more marked will be this peculiar structure, and the law, as before stated, 
applies equally in this case, all the crystals finally assembling in lines perpendicular to the bounding 
surfaces which were heated. 

This can be illustrated in the following manner ; — Take two pieces of zlnn which have been 
rolled into a sheet, and heat one of them just below the melting point. To illnstrate tbe point in 
Question, it must be remarked that rolling any metal into a sheet elongates each crystal in a 
direction perpendicular to the pressure exerted in rolling, that is, lengthwise in the sheet, and if 
the metal Is drawn into wire, the crystals are lengthened in tbe same way. By bending t^ piece 
of zinc that has not been heated, it will be found that it is tough, and can be bent many times 
without breaking the crystals lengthwise. Take the other piece of zinc that has been exposed to 
heat. In it the crystals have turned round, and hare formed themseWes in lines perpendicular 
to the surface through which heat entered, and it will break when it is bent. The neculiar 
crystalline structure is varied somewhat by the quality of the metal used, but it depenos more 
directly upon the amount of heat passing out, or, in casting, upon the rapidity with which the 
operation is performed. 

It may here be remarked that in casting large thin plates, such as flooring plates, it is tbe 
practice of the founder, when they are cast open, to cover them over with loose sand as soon as the 
metal ceases to be liquid ; and then to remove the sand, so as to expose the surface of the metal to 
the action of the air in a crosswise direction ; the object in doing so is the more rspidly to cool 
those portions where crystallization is longest in taking place. If this be not done, the plate not 
unfrcquently buckles, and thereby loses its uniform level surface, or sometimes it actually splits 
asunder. Chie of the difficulties founders have is to keep large flat plates straight, or firom flving 
into several pieces. VThenever, therefore, it is possible to cool them in the lines of the weakest 
points, and thereby to get the metal by rapid cooling, as near as possible to the other parts, so much 
the better. This cannot be done at all times, for it is occasionally not possible to uncover tbove 
portions of a casting without cooling other portions, which would thus cool too rapidly, and so cause 
a greater eviL Thus it is that sometimes much judgment is needed so as to suit the conformation 
of the casting, and to reduce the lines of crystallization into such forms as will in some measure 
avert destructive changes. In a large circular plate to which is attached a large portion of a 
cylinder, it would be most dijfficult to get the centre portion to cool, and thereby crystallize in tbe 
same ratio as the outer edge, for the heat is so much concentrated in the oentre that those portions 
of the mould cannot be removed until crystallization has almost come to rest. It is of great im- 
portance that the proportions of the metal should be arranged so as to neutralize those two diver- 
gencies, and also to reduce the lines to a minimum. If a circular plate, 9 ft diameter, be cast and 
cut from the edge to the centre, the contraction of the iron by crystallization gives an opening of 
1) in. The neutral strain upon this plate must be very great, and many such castings fly into 
pieces upon the least beat acting upon them. It is therefore necessary to rearrange its fonnation 
00 as to reduce the crystallization to a minimum. This can be done by slightly changing the form, 
and thus reducing the strain. This example shows how important it is to pay strict attention in 
the following out of natural laws. 

The principal axes of the crystals in a cylinder should be all directed to the centre. They 
therefore ^adually change their direction, and thus no planes of weakness are produced. Thete 
considerations explain the genenX law as applied to cast-iron artillery, and which is as follows ; — 
** That every abrupt change in the form of tne exterior, every salient, and everv re-entering angle* 
no matter how small, upon the exterior of a cylinder, gun, or mortar, is attended with an equally 
sudden change in the arrangement of the crystals of the metal, and that every such change is 
accompanied with one or more planes of weakness in the mass.** 

The natural remedy for this is to avoid all sharp angles, allowing the metal, when posnble, to 
flow in curved lines instead of sharp square comers. 

The square projections of the ^ ventfield ** produce at each angle planes of weakness which, in 
tbe case of re-entering angles, penetrate deep into the body of the gun. That these planes really 
do exist is evidenced by tbe lines of fracture in bursted guns, which almost always follow along tbe 
angles of the sides of the *' ventfield.** The same may be said of hydraulic cylinders when a buss is 
cast on, whereto to affix the connecting pipe and the pumps, and also in the trunnions of guns. A 
gun, like every other metallic substance that fiails unoer strain, must &il in the weakest place, and 
the places of fracture ami position of these planes of weakness coincide most remarkably. The 
conclusion, therefore, seems inevitable, that, however incapable tbe unaided eye may be to discover 
any differences in the crystalline arrangements of the various parts of castings, such planes of 
weakness do exist in the positions and from the causes pointed out. 

To obviate two unfietvonrable conditions, it is best to cast a cylinder or tube hollow, to so^tend 
the core of the mould from the top or bead, insert a perforated tube down the interior of the core, 
and tiien inject a current of cold air into the interior of the casting. In America aome use water 
to cool such interiors ; cold air is, however, as most easy of application, leas dangerous and mora 
effective. The fact is that by injecting cold air down the core, the central heat is reduced and 
placed on an equality with that of the external surface, thereby getting rapid crystallization. Tbe 
densities of the outer and inner surfaces are also thus made uniform with each other. 

Now as regularity of development of the crystals in cast iron depends upon the regularity with 
which the melted mass cools, and the wavo of heat is transmitted trom the interior to ite snrfaoe, 
arranging the crystals in the lines of least pressure in ite transit, so the extent of development, or, 
what is uie same thing, the size of each crystal, depends upon tbe length of time during which the 
process of crystalline arrangement goes on, that is to say, upon the length of time the casting take* 
to coot 
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The lower the tempenture at which the fluid oast iron ia poured into the mould, and the more 
tapidly the maas ia oooled down to aolidification, the doaer will be the grain of the metal, the 
anoaller the crystals, the fewer and less injurious the planes of weakness, and the greater the speciflo 
gravity of the casting. The very lowest temperature at which metal can be poured, so as to fill 
every cavity of the mould without risk of defect, is that at which a large casting, sucb as a heavy 
gun, a hydraulic cylinder, or a large anvil block, ought to be produced. It is here, however, that 
the difficulty of the founder begins, and especially where castings of a complicated furm are 
required. The point, then, is to get every portitm of the mould filled without cold shots, or col- 
lections of impuritieii arising in the metal from eddies or other obstructions. It is thus an absolute 
necessity to have the metal as liquid as possible, and to get the mould filled as rapidly as it can be 
dune. Founders know well that accumulations of a deteriorating kind occur with dull metal and 
alow running ; and experience has taught that oastingo are much more free from defects, both of 
cold shots and impurities, by using hot metal, although the crystallization is not so perfect in heavy 
castings. 

Irons are often melted together, having different degrees of ftisibility ; they will perhaps mix, 
but not combine properly with each other. 

These irons, naving different melting points, will shrink unequally, and not having become 
united into one homogeneous body, but existing separately, each one will pull the other, and, if 
potfible, pull completely away, causing the casting to breeik. Ko. 1 iron has a higher melting 
point than No. 2, made from the same ores, and not only do different gnides of iron shrink differ- 
ently, but of castings poured from the same metal, a small casting will shrink more than a heavy 
one. Excess of heat in every case, however, increases shrinkage. The lower the melting point the 
lees shrinkage. Experiments ^ow, as in the case of other alloys, that a mixture of two brands of 
iron may have a lower melting point than either of them when used separately, and on the other 
hand, a mixture of a number of brands of iron may have a higher melting point than any one of 
the brands used singly. It is generally considered that charcoal Iron has a higher melting point 
than coke iron. Following up the statement that of casting poured &om the same iron, the light 
shrinks more than the heavy casting, it follows that in making a pattern no part should be thicker 
than another. Of course it is not possible in practice to adhere to this axiom. Much, however, may 
be done to avoid very sudden contractions in shape. 

ChiU-casting, — Chill-casting converts into white iron the out^ skin of a casting made from certain 

Dualities of cast iron ; the depth to which this alteration extends is capable of being regulated, 
'his white cast iron is very hard, brittle, and crystalline, and scarcely differs either in chemical or 
physical properties from steel, except that it cannot be tempered. In this case the whole, or nearly 
the whole, of the carbon contained in the iron is in a state of chemical combination with it ; whilst 
in the darker irons most of the carbon is diffused throughout the mass in the form of small particles 
or scales. 

If the cast iron contains a large proportion of manganese, the amount of combined carl^n may 
be as much as 10 per cent., but orainary pig iron seldom contains more than 5 per cent, of combined 
carbon. These particles of uncombinea carbon must, whilst the metal is in a melted state, be com- 
bined with it, for being of a much less specific gravity, less than half, if they were floating about in 
separate particles, the^ would necessarily come to the surface of the metal. It is therefore assumed 
that the separation oi the particles of carbon takes place at the moment of solidification. 

If a thin sheet of g^ey cast iron is rapidly cooled, it becomes whiter, that is to say, a larger 
proportion of its carbon is held in chemical combination. White oast iron may also be obtained 
from grey pig, by alternately melting and cooling it in the ordinary manner. When it is desired 
to obtoin a white iron direot from the blast furnace, the proportion of fuel is reduced below 
the amount usually albwed for the same quantity of ore ana blast, if a good grey iron were 
required. 

These facts explain the results which are obtained by the process of chilling a casting ; where 
the skin of the casting it in contact with the chill, it is, for a certain distance in, converted into a 
bard white iron, whilst the interior of the casting will remain of the same general nature as to 
colour and toughness as the pig from which it was cast. The sudden cooling of the metal prevents 
the combined carbon near the outer portion from separating, whereas the cooling of the inner 
portion of the metal being more gradual, allows it to resume its normal condition. The suspended 
particles of carbon which are held in the metal near the exterior of the casting, are supposed to be 
forced inwards into the interior, or still fiuid portion, of the casting. 

All, or nearly all, the carbon in the chilleid portion of the casting is therefore in chemical com- 
bination with the metal, whilst that in the interior remains suspended as separate atoms or scales. 
Such is the geoerallv accepted theory of chilled castings, which may indeed be open to objection ; 
the practical result is, however, beyond any question. 

Chill-monlds differ fh>m the ordinary moulds in having to be made so as to admit the chill. 
That in which a railway wheel is cast consists of three boxes. The lower is a box of common 
round form, merely to hold the sand and give support to the centre core and the middle box. The 
upper box is of a similar form, also round. The middle box is a solid ring, cast of mottled iron, 
and bored out upon a turning lathe, giving its interior the reverse of the exact outer form of the 
rim of the wheel. This middle box ought to bo at least as heavy as the wheel is to be after casting, 
and it ia preferable if it has two or three times that weight All the three boxes are joined by lu^ 
and pins as usual, and the latter ought to fit well without being too tight. The chief difficulty in 
castmg these chilled wheels, is to make the cast of a uniforna strain to prevent the wheels from 
breaking, and wheels with spokes or arms are very liable to this. 

At present most of these wheels are cast with corrugated dhics or plates ; in this way the hub 
may be cast solid, and the wheel is not so liable to be subjected to an unequal strain in the metal 
as when oast with spokes. In such plate-wheels the whole space between the rim and the hub is 
filled by metal, which, however, in most cases is not more than | in. or 1 in. thick. The rim of a 

T 



822 CAST ntON. 

good wlieel shovld be us hard as hardened steel at its periphery, bat soft and groy in its central 
parts. The first reqaisite is more safely attained by having a heavy chill ; bat if the cliill is too 
heavy, the inner parts are apt to saffer from the cooling qaalities of the chili. Succeea in this 
branch of founding depends ver^ ranch on the quality of the iron of which the wheels are cast. 
Soon after casting such wheels it is advisable to open the mould, and remove the Kind from the 
central portion, so as to make it cool faster ; this precaution saves many castings, not only in this 
particular case, but in many other instances. Uniformity in cooling is as necessary to saooeas as 
good moulding. 

Chilled rollers are the most important examples of chilled castings. The moold for a chilled 
roller coubists of three parti*. The lower box of iron or wood is filled with new sand, or a strong 
composition of clay and sand, in which a wood pattern is moulded, which forms the ooapb'ng and 
the neck of the roller. The middle purt of the moold is the chill, a heavy iron cylinder well 
bored. The upper part of the mould again consists of a box, but is higher than the lower box, so 
as to nmke room for the head in which the impurities of the iron, suUage, aro to be gathered. The 
two boxes with their contents of sand must be well dried. In some eshEtbliohments the two ends of 
the roller are moulded in loam, over the chill, to securo concentricity of roller and coupling ; but 
this can be quite as safely arrived at by fitting the ears and pins of the boxes well to the chilL 
The chill is the important part in this mould ; it ought to be at least three times as heavy as the 
roller which ui to be cast in it, and provided with wrought-iron hoops to prevent its fallin<c 
to pieces, for it will certainly crack if not made of very strong cast iron. The iron of which a chill 
is cast is to be strong, fine-graiued, and not too grey. Grey iron is too bad a conductor of heat ; it 
is liable to melt with the east. Iron that makes a good roller will make a good chUl. The fiM» of 
the mould is blackened like any other mould, but the blackening must be stronger than in other 
cases, to resist more the abrRsive motion of the fluid metal. The chill is blackened with a tJun 
coating of very fine blacklead, mixed with the purest kind of clay ; this coating is to be very thin, 
or it will scale o£f before it is of service. 

The most important point in making chilled rollers is the mode of casting them, and the quality 
of iron used, lo cast a roller, whether a chilled roller or any other, from above, would cause a 
failure. All rovers must be cast from below. It is not suflScient to conduct the iron in below ; 
there is a particular way in which the best roller may be cast, for almost every kind of iron. In the 
general mode the gdte is conducted to the lower journal of the roller, and its channel continnes to 
a certain distance around it. It touches the mould in a tangential direction. In casting fluid metal 
in this gate the metal will assume a rotary motion around the axis of the roller, or the axis of the 
mould. This motion will carry all the heavy and pure iron towards the periphery, or the t$ee of 
the mould, and the sullage will concentrute la the centre. It is a bad plan to lead the current of 
hot iron upon the chill, for it would bum a hole into it, and melt chill and roller in that place 
together. The gate must be in the lower box, in the sand or the loam mould. The quality of the 
melted iron modifies in some measure the form of the gate ; stiff or cold iron requires a rapid 
circular motion, while fluid thin iron must have less motion, or it is liable to adhere to the dull. 
The roller must be kept in the mould until perfectly cool, but the cooling may be acoelen^ed by 
digging up the sand around the chill. 

Many anvils, vices, and other articles are made of cast iron, moimted vrith steel ; the welding 
togetlier of steel and cast iron is not difficult if the steel is not too refraetory. This process will not 
succeed well with shear steel, and hardly with blistered steel ; but it is cattlv performed with cast 
steel, by soldering it to cast iron by means of cast-iron filings and borax. The cast-steel plates to 
be welded to the faces of anvils, are generally from a half to five-eighths of an inch thick, and as 
wide as the face itself. These are ground or filed white on one side, and then covered on that side 
with a coating of calcined borax. The plate, with the borax on it, is heated gently until the bomx 
melts, which covers it with a fusible transparent glaze. The plate in this condition is laid quite 
hot la the mould, which latter is made of dry and strong sand. The iron is poured in and rises 
from below ; the steel plate being tlie lowest part of the mould, it will have the hottest iron. The 
heat to be given to the iron will depend in some measure on the quality of the steel ; shear steel 
requires hotter iron than cast steel. The cast iron used for these purposes should be strong and 
grey, but not too grey, or the union of the iron and steel Lb not strong. White cast iron will not 
answer in this case, partly because the casting would be too weak, but chiefly because the cast iron 
would fly or crack, in haraening the steeL The hardening is done nnder a considerable heat» with 
an access of water falling from an elevation of 10 ft. or more. 

GhUls are almost always made of cast iron, in a few exceptional cases only is wrought iron 
substituted. 

The greatest practical advantage to be derived from the process of chilling, is in cases where a 
union of several opposite qualities is desired in the same casting. It would be difilcult to over^ 
estimate the value of the combination in a pair of chilled rolls, for instance, of an exterior as hard 
and dense as hard steel, capable of being turned or cut to a smooth poUshed surface, with an Internal 
core, so to speak, of the best soft tough cast iron. 

The chilled portion of the casting is of a higher specific gravity and harder than the interior, 
uniform in texture, and crystalline. 

Even where the metal employed in the casting was originally a white iron, the chilled portioQ 
is found to be rather harder, and its crystalline formation more regular. Such a metal aa white 
cast iron should not, however, be employed for chilled castings, as the interior would not be so 
tough and strong as it should be. 

l>ark grey irons are not at all adapted for the purposes of chilled castings, No. 1 Bo tch pig being 
particularly unsuitable ; when the right quality of iron cannot be obtain^ it is sometimes neces- 
sary to melt up a suitable proportion of hard white scrap cast iron with the soft dark gnj iron, 
which alone would scarcely chiJl at all. 

Hard, tough, bright grey, or mottled pig, having small crystals and a good ttnifcrm textqiv, are 
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wen adapted for the purpose, provided they do not contain an excess of nncombined carbon ; the 
presence of manganese in the pig iron, or the addition of a little spiegeleiseD, improves the quality 
of the castings. 

Where the shape and size of the casting are such that the mass of metal in the interior will 
lon^ retain its heat, mnch of the effect of chilling is lost ; the greater the proportion the chilled 
aorfaoe bears to the size of the casting, the more effectual the chilling will be. The depth to 
which the chill may be formed in castings admits of a certiin amount of reguhition, but tliere are 
also circumstances affecting the castings which are at times almost beyond control. 

It is not at all times possible to obtaiu the right quality of iron ; tlie size and shape of a casting 
cannot always be well adapted for chilling; or the chill-moulds may not be of sufficient depth <» 
metal, to conduct away the heat from the molten metal with tlie necessary rapidity, to allow it to 
solidify without being again melted, by the radiation of heat from the still molten metal in the 
interior. 

Assuming a cylindrical casting of some 8 or 10 in. diameter, a depth of chill of at least 1 in. 
can be obtained, provided the metal employed is at all fit for the purpose, and with the iron best 
suited for chilling a much greater depth can be obtained, with proper care as to the moulds and 
the like. But in the groat majority of cases 1 in. depth of chill is sufficient. 

For castings that will have much surface wear, such as in rolling metal, or crushing minerals, 
allowanoe should be made in the depth of the chill for the removal of the exterior of the rolls, by 
their repeatedly being turned in the lathe, as their surfaces become worn or injured in use. 

At the same time it must be remembered, that the greater the depth to which the chill is 
carried the more brittle is the casting. The chief strength of the costing is in its tough, unaltered 
metal beneath the hard chilled sur£Eice. 

In considering the advisability of the greater or less depth of chill, therefore, estimate the 
extent to which the casting may be worn or turned before it becomes necessary to replace it. 

Avoid chilling to a greater depth than necessary, especially in cases where strength is required 
in the castings, to resist transverde and other strains. 

In casting large chilled rolls, the moulds for the ends and necks should be of dry sand, or loam, 
properly built up and connected with the iron chill for the roll itself. Or the iron chill for the 
ends and necks can be made much thinner and lighter in substance than that for the centre. 

The mass of metal in the chill largely inflaences the depth of the chilled portion of a casting ; 
it ia nece&^ary not only that it should be sufficient to reduce the temperature, in a few minutes, of 
the iron on the surface, from the temperature at which it is poured, say 2500° Fahr., to that 
of solidification, say about 1000°, when it is bright red in daylight, but also that it should be 
capable of absorbing the heat which will radiate from the interior of the casting, so as to prevent 
the solidified and chilled surfiEKse from being remelted by the radiation of intern^ heat. 

Moisture in moulds is at all times dangerous, but when these are made of sand or loam, the 
danger is lessened to a certain extent, by the porous material allowing of the escape of some of the 
pent-up gases and steam, generated by the intense heat of the cast metal. 

When, however, chill-moulds are used, the utmost precaution is required to have them 
absolutely dry for use. 

This entire freedom from moisture could scarcely be obtained, still less preserved, in the warm, 
damp air of a foundry, with perspiring workmen hunying about ; the steam and vapour would at 
once condense on the surface of an iron chill-mould, if it were brought cold into the shop. Con- 
sequently the chill is always heated to a considerable extent before pouring, a precaution which it 
is all the more necessary to observe, when the chill is to be us<'d in conjunction with sand or loam 
moulds. If this were not done, any dampness left in the sand or loam would probably be driven 
out, and at once condense on the surface of the chill, if that were not heated to a temperature con« 
siderably higher than that of the surroonding atmosphere. 

The steam and gases which would be formed in a damp chill-mould, when the metal was 
poured, having no means of escape, would acquire tremendous expansive force, and would either 
burst the mcmld and send the liquid iron spirting about amongst the founders, or at least, ruin the 
casting and distort the mould. 

It would appear that to heat the mould woald impair its property of chilling the metal poured 
into it. Yet in practice it is not found to have this effect even when heated to 250° Fahr. 

It is even asserted that a superior chill is obtained from a hot mould than from a cold one, 
other things being equal ; it must be remembered that with a mould heated even to 250°, there is 
a lar^ margin of difference between that temperature and that of the melted iron poured into it, 
and it is supposed that the chill has a greater tendency to conduct away heat from the metul cast 
in it, if the chill be previously heated to about the temperature above named. 

The heat given out by the cast metal penetrates through the chill with extraordinary rapidity, 
and if the walls of the chill are not bufficiently thick to absorb the greater portion of the heat, con- 
siderable risk is run, that either the casting and the mould may fuse together in one solid mass, or 
that the effect of chilling may be neutralized, b^ the heat evolved from the central portion of the 
casting not being conducted, away with sufficient rapidity. It may be assumed that cast iron 
expands slightly at the moment when it passes from the liquid to the solid form, such expansion, of 
course, tending to burst the mould. 

To avoid these evils, the mass of the chill must be properly proportioned to the area of the 
portion of the casting which requires to be chilled, in relation to its entire bulk. In the case of 
a casting which has to be chilled over its entire surface, the weight of the chill-mould should be 
about three times that of the casting to be made from it, presuming the casting not to be of 
exceptionallv large dimensions. 

ao varied, however, are the circumstances under which chilUmoulds have to be employed, that 
experience is almost the only posbible euide for their construction. 

It is desirable not to make the chill-mould thidker tiian is necessaiy to enable it to carry off the 

T 2 
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ftmoant of heat from the oasting, from the fact that the thicker it ia the more liable it is to cntk^ 
from the severe stiains put upon it by the expansion of its inner portion, when the great and 
sudden heat of the molten metal first comes upon it. 

This expansion and the subsequent contraction in cooling cannot but be unequal, and the 
larger and thicker the chill-mould, the greater is the risk of a fracture. 

In the preparation of large chills it is always advisable to shrink wrought-iron hoops loimd 
them where possible. 

Certain results have to be decided upon beforehand, and the founder must use his utmost skill 
to attain them in the safest and most economical manner ; the utmost that science can do to assist 
him consists in pointing out what evils to avoid, or how best to rectify the damages occasioned by 
want of judgment or scientific knowledge. 

In a foundry where many chilled castings from different moulds have to be made, it will 
be apparent that it is to the interest of the founder not to make these chills any larger, or heavier^ 
than is absolutely necessary to effect the desired result ; cost of the metal in the moulds, and the 
amount of room required for their storage, sufiSciently explain this. 

There are several ways of finishing the interior surfaces of the chilUmould before using it for 
casting. 

For fine castings the mould must either be bored or machine planed, after which a ooat of nud 
IB allowed to form upon it ; this is obtained either by wetting it ror a few days with dilute hydrc^ 
chloric acid, or with urine. The object of this coat of rust is to prevent the casting from adhering 
to the chill, but no " clay wash " must on anv account be applied to the chill, as it would hinder 
its absorption of heat from the casting, and the rust itself must also be rubbed away for the same 
reason. When the surface of the chill has been thus prepared, and just previous to the casting, a 
thin, even coating of blackwash, or blacklead, is applied. If, however, the surface of the chill has 
been tolerably well oxidized beforehand, this coating may be dispensed with, although, as a rale, 
founders prefer to apply some kind of wash before pouring. 

As the iron which is best adapted for chilled castings does not flow very freely, it is necessary 
that it should be at a high temperature at the moment of pouring,'more particularly as it will have 
to part with its heat so rapidly on entering the mould, that it may solidify in irregular blotches, or 
clots, if it has not a sufficient store of surplus heat to keep the whole of the mass of metal 
in a liquid, or nearly liquid, state until the completion of the pouring. 

For the same reason, the casting arrangements should be such, that the mould may be rapidly 
filled by a large stream or streams of metal, so directed, however, as to avoid, as far as poessible, 
coming into continued and violent contact with the surface of the chill, which would thus soon 
become seriously damaged at such points of contact. The life of a chill-mould depends considerably 
upon the care with which it is used ; if its surface becomes slightly damaged from the action of the 
molten metal, it may be patched up with a little loam, but wherever such patching occurs, the 
uniformity of the chill on the casting will be destroyed. 

For fine work, or for castings where dimensions must be strictly adhered to, a very alight 
damage to the mould is &tal to it. 

In many cases, however, when the mould is only slightly roughened in parts, it can be rebored, 
and made to do duty again. Of course, care must be taken not to remove a thicker akin of the 
mould than is necessary to get a smooth, even sur&ce. 

In the choice of the metal used for the chill-moulds, the founder has to consider whether he will 
be guided in his selection by economy or durability. 

If the mould is likely to be one in great request, he should choose a hard, dense, oloee-grained 
pig iron from which to cast it, in fact, as we have before said, a metal very similar to that 
described as most suitable for the chill-castings themselves. 

In other cases, however, not much care need be exercised in the selection of the metal f<v the 
chills, except that very dark Scotch iron, which is not at all suitable for the chilled castings, is also 
not well adapted for the chill-moulds. 

It is impossible to lay down rules as to the exact dimensions of a chill-mould which is required 
to produce a certain-sized casting. In addition to allowance for the shrinkage of the casting on 
oooling, the sudden expansion of the mould itself, when the hot metal enters it, must be taken into 
accoont. 

That part of the mould which first receives the fiow of the hottest metal, not onlv expands most 
from having to bear the first sudden increment of heat, but has also to bear the weight due to the 
head of metal afterwards poured in, until the casting has cooled and solidified sufficiently to 
relieve the mould of this preRsure. Consequently, it may be inferred that the actual dimensions oi 
a casting will be that of the interior of the chill-mould, when it has been expanded to the extent 
due to the temperature of molten cast iron, when just on the point of solidification, minus the 
amount of subsequent contraction of the casting, during the process of oooling down to the 
temperature of the atmosphere. 

The metal being pourod into the chill, two actions immediately set in ; the skin of the casting 
solidifies, and the metal in the interior commences to part with its heat, contracting away from the 
interior of the mould as it does so. The mould, at the same time absorbing heat, expands away 
from the exterior of the casting. The moment when the distance between the chill and the casting 
has reached its maximum, is, theoretically, the time when the casting should be removed from the 
mould. Experience, and the nature of the work in hand, must guide the moulder as to the safest 
time to withdraw his casting ; if he attempts to do it too quickly, he may distort its shane, from its 
being as yet too hot and soft to bear the strain ; if he leaves it too long, tile chUKmoula may hav« 
commenced to contmot round the casting, and thus bind it hard and fast, besides having spoilt the 
chill surface, as before described. The higher the temperature of the oast iron when poored, the 
greater is the strain upon the chill. 

The contraction of the casting daring oooling depends leas, perhaps^ upon its absolute bulk 
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than upon its fona ; and, as might be expected, a ohiUed casting eontraots somewhat less In the 
cooling than an ordinary castings 

The principal elements whidi govern the amount of expansion in ohill-monlds may be briefly 
stated as follows ; — 

Its internal capacity : the larger the quantity of molten metal it will have to contain, the 
greater the strains it will have to bear, from the longer sustained heat, and the greater presimre of 
the head of metal, before it has superficially solidified. 

Its thickness : for large castings it is imperative that the chills should be thick in the walls, 
bot with every increase of thickness the risk of cracking the chill is increased, owing to the 
tendency of the heated inner portion to expand, being opposed by the rigidity of the outer and 
cooler portion. 

Having withdrawn the casting from the mould, it should be allowed to s^et quite cold as soon 
as it possibly can by radiation. No artificial cooling, by cold water, or the like, would be resorted 
to, as they are liable to distort or fracture the casting ; and no further increase of hardness can 
be obtained in this manner. 

Chilled cast iron and cast steel, similar as they are in many respects, have this important 
difference, that the one, cast iron, cannot be hardened by plunging hot mto cold water, whilst the 
other, steel, can be hardened in that manner. 

Avoid placing the casting in such an attitude, or in such a locality, as to expose it to undue 
strains, or to currents of air, or other circumstances likely to produce distortion or unequal 
cooling. 

It has been mentioned that a chill-casting which has been allowed to cool down in the mould 
too slowly, owing to the chill not being sufficiently massive for its duty, or for other reasons, loses 
much of its chiUed character, allowing a considerable portion of its contained carbon to pass into 
its former uncombined state, and the Iron, instead of being hard and white, more nearly resembles 
the character of the pig from which it was originally cast 

Occasionally this quality is made serviceable, where it is convenient to use iron moulds, but 
where it is not desir^ that the resulting casting sliall be hard or chilled. In such cases a pig 
iron may be selected which is of a bad chilling nature ; or after the casting has been made in 
the chilled mould, it may be rendered soft and tough by being kept for several days at a low red 
heat 

Chills, when out of use, should be protected from rust by being neased and stacked under 
cover. Before being again used, the grease must be thoroughly removed, as it has a tendency to 
cause the casting to solder to the chiU. 

We condade this article with a description of the American plan of making railway wheels, 
in which chilling in castine is employed to an extent unknown in any other industry. 

The mannfscture of chiUed cast-iron railway wheels has now become a very imoortant industry 
in the United States, upon whose railway system of 75,000 miles no other class of wheel is 
employed to any great extent, at least for passenger and freight rolliug stock. There are a large 
nomber of cast-iron wheel works in the country, varying in capacity of production from 450 down 
to iO or 50 wheels a day, and such improvements have been introduced into the manufacture 
that, whereas some time since railway accidents arising from broken wheels were common, of late 
years such a mischance ia almost unknown. One of the most important improvements in the 
process of manufacture, consists in mixing with the pig iron a certain pro^Kirtion of Bessemer steel, 
crop ends of rails being most conveniently used for thlB purpose. This mixture, besides improving 
the chilling qualities of the wheel, adds greatly to its strength, and even allows of the use of 
anthracite in the place of charcoal pig iron. 

At the works of Messrs. A. Whitney and Sons, of Philadelphia, one of the largest establish- 
ments for the manu&usturo of chilled wheels in the United States, the different processes have been 
brought to a high degree of perfection. The following is a brief description of the factory, and the 
manner in whimi the work is advanced from stage to stage. Of course the foundry is the most 
important portion of the whole worlra. It is a fine building, 450 ft. long and 50 ft wide, with two 
lines of rails running down its whole length, except opposite the furnaces. The raUs are laid to a 
gauge of about 10 ft, and upon them are placed twelve light travelling cranes, with a platform 
attached to the centre post, and upon which the man working the crane stands, and controls its 
movements, both in hauling the moulds and ladles, and in moving the crane from place to place 
upon the line, the crane being geared for travelling. The floor of the foundry is so laid out that 
there is room on either side of w>th pairs of rails tor a row of moulds, and in the centre of the 
building is a path about 4 ft wide. Against one side of the building, and in the centre of its 
length, are five cupolas, three of 4 ft 6 in. internal diameter, and two smaller ones of 18 in. in 
diameter. The former are employed in melting the iron for .the wheels, the latter chiefly for 
experimental purposes. The three cupolss are tapped into converging channels, all running into 
one large tippmg reservoir, from which the small ladles are supplied. The blast to the cupolas is 
furnished by a vertical blowing engine, with two blowing cylinders, one at the top of the machine 
and one at the bottom, with the st^un cylinder between the two. 

The mixing of tho irons for the cupolas, is the most important and difficult operation in the 
whole course of the manufacture. Besides the steel scrap, nothing but charcoal pig iron is 
.employed, and of this from twdre to twenty different kinds, all of the highest class, are used in 
varying proportions. But these mixtures have to be altered frequently, owing to irregularities in 
the nature of the metal, and daily tests are made with a view of ascertaining what changes, if any, 
have to be introduced into the next day's work. The proportions of the mixture being decidea 
upon, the cupolas are charged, a ton of coal being first put in the bed of each furnace. The charge 
is then carerully loaded upon trucks, upon a weighing platform. Piles of the various nigs are 
placed in their proper order around the truck, and there is a drum upon the weighing machine, on 
which a sheet of paper is placed, and the weight of each different pig, in proper order, is 



826 CAST IBOK. 

written upon it. For instance, the workman oommences with S50 lb. of coal In his tmck : he 
then places 125 lb. of old steel rails, 125 lb. of cinder pig, 350 IK of old wheels, and so on throogh 
the long list of charcoal pig irons employed, the old material being placed at the bottom of the 
furnace. The weighing platform is so arranged as to record the aocnmnlating weights aa the 
drum revolvefi, bringing before the workman the name and quantity ot each succesEiTe ingredient 
which he takes from its respective heap before him. Ab soon as it is loaded, the truck is raised to 
the top of the cupola by an hydraulic lift. The moulds, when ready, are plactd down tlie 
building in four rows, one on each side of the two lines of rail upon which the cianes run. The 
patterns used are almost all in iron, and the chills in the moulds are of cast iron. One worknsan 
can, on an average, mould ten wheels a day, but all failures in the casting, arising from any caie- 
lessness in moulding, are charged to him on a mpidly increasing scale. 

This system has been found necessary, as the men are paid by the piece, and if only the price 
paid per wheel were deducted for the spoilt castings, a far higher average of failures would rtsult, 
oecause the men would earn higher wages by worlnng faster and more carelessly. 

Before the metal in the cupola is ready to run, a charcoal fire is lighted in the receiver before 
spoken of, in order to warm it, and also that when filled, the metal may be covered with charcoal, 
and oxidation checked. In a similar manner the ladles, of which there are a very large number 
employed, have burning charcoal placed in them, and they are coated internally in the usual way. 
These ladles are cylindrical pots made of sheet iron, and mounted each on a pair of wheels for 
facility of transport. On the sides of each ladle are two sockets, into one oi which the end of 
a long iron handle is inserted for hauling it along the floor. AlbO at each end of the axle is a 
square hole, into which is placed the end of a handle with forked ends. The ladle being run up to 
the receiver, the latter is tipped over by the gearing attached to it, and the ladle is cLareed ; it ia 
then brought along the floor to the crane, which takes hold of it, the two souare-endea Landlis 
before mentioned are inserted in the holes in the axles, the ladle is raised, ana the iron is f>ourtd 
into the mould. The chilled portion of the wheel sets almost as soon as it comes into contact with 
the chills, and in a very short time after the casting has been ma<ie the flasks are removed, the 
sand knocked away, and the red-hot wheel is placed on a trolly to be taken to the annealing pita. 
This process is one of the most important of the series. If the wheel be allowed to cool in the open 
air, severe internal strains are created, which will sometimes be sufficient to destroy the casting, 
and open-air cooling was the active cause of failure in the early periods of thia claas of wheel 
making. 

The annealing ovens are placed at one end of the foundry, and below the floor, the top of the 
ovens being at that level. Besides these ovens of very large diameters for extra-sized wheels, 
and chilled tyres, there are forty-eight pits ranged in six rows of eight each. These rows are 
divided into pairs, each pair of sixteen pits being devoted to the reception of one day's production, 
the period reouired for annealing being three days. By this arrangement, when the last two rows 
of ovens are cnar^ed, the first two rows can be emptied and refilled, so that the work proceeds 
without interruption, and in regular rotation. Two hydraulic cranes, with the booma revolving 
upon a fixed post, are placed upon the floor, and command the whole area occupied by the ovenai 
Tne boom of each crane is made double, and upon it runs to and fro a small carriage, from which 
hangs the chain, carrying at the lower end the hooks by which the wheels are handled. This 
littachment consists of three arms, with flattened ends turned over so as to grip the wheel. The 
upper ends of these arms are hinged together, and as they tend always to fall inward, they bold 
the wheel tightly, but bv moving a single attachment the arms are thrown outward when it 
is desired to release the wheel. The motion of the cranes is controlled by one man, fixed stops 
being provided on the guiding apparatus, so that when the crane is adjusted for filling ooe oven, 
}t remains in that position till it is thrown over to the next. 

The ovens or annealing pits are cylinden of sheet iron | in. thick, about 66 in. in diameter, and 
pf sufficient depth to contain, easily, eighteen wheels with cast-iron distance pieoes between them. 
They are lined with brickwork, and being of considerable depth, they descend into a lower floor. 
The lower parts are enclosed in a large rectangular chamber, one for each set of OTens. Within this 
chamber, and for a short distance above it, firebrick ia used instead of ordinary brickwork as in the 
upper portions, and within the cylinder a circular foundation of brickwork is set, upon which are 

8 laced the wheels on being lowered by the crane. The whole of this weight then is transferred 
irect to the foundation of the building. At the end of each of the three reotangnlar chambets 
already mentioned is a furnace, and each chamber is divided down the whole of its length by 
a perforated floe ; through these perforations the heat from the furnace passes and enten the lower 
ends of the ovens. These furnaces are required to prevent the too sudaon cooling of the oaatinga^ 
but onlv \ ton of coal is burned for each full day's production. Flues leading to the chimney cany 
off the heated gnses from the upper purt of the ovens, and so the process of cooling is thus very 
gradually earned on, until at the end of three days the wheels are ready for removaL The three 
large annealing pits mentioned above are somewhat differently arranged. To save room, they 
are not carried aown so low as the other ovtna, but terminate at a height of about 7 ft. above 
the floor, each being supported upon a central column. When they are used, a fire is lighted in 
the bottom of each pit, the wheels are placed in and covered over, and the oven ia idlowed to eod 
gradually. 

On being removed from the pit the wheels are taken into the cleaning and testing rcora. 
Here the eand is removed, and the wheels tested by hammering under a sledge, as well as by 
a small hammer, while the tread is cut at intervals by a chiael. The heavy blows to which the 
wheel is subjected never fail in detecting faults when mch exist, and when they are diamvered 
the wheel is removed to be broken up. About 10 per cent of the whole production ia lejeoted, 
but occasionally this proportion is very much higher. 

In order to keep the quality of the wheels to the desired standard, a large number of test 
pieces are oast every day and submitted to examination. By this means an aooozmte Imovledga 
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of the nainre of Uie wheels, the character of the chill, and other points, is obtained ; the 
data are carefully recorded, and if tests are satii^tory the wheels corresponding to the test 
piece are delivered into stock. If not, they are returned to be broken np. The sound wheels 
finally are taken to the machine shop, wliere they are bored, and if desired fitted with their 
axles. The tools, therefure, in this shop are few in number, consisting of three boring 
machines, a press for forciog the wheels on or for drawing them off the axles, and a number of 
lathes. 

The capacity of Whitney and Co.'s foundry is 250 wheels per day. 

The aver.ige life of a chilled cast-iron wheel of first-class quality is asserted t) be 50,000 miles 
for passenger, and 100,000 miles for goods traffic. This is a high average, and nrobiibly many 
wheels fail before tiiey attain this mileage. The common mode of failure is a oreaking away 
of the surface of the tread in spots, until largo portions of the chill become pitted in shallow 
holes. The exact cause of this failure has not yet been ascertained. In some oases such wheels 
are turned down to a smooth surface, and a^in placed in service. 

MalUabh Cast Iron ; Case-hardening, — The manufacture of what are known as ^ malleable cast- 
ings " consists in obtaining a tough, soft, flexible material, resembling wrought Iron, from white 
brittle castings, by what is known as the cementation process. Some means of arriving at the 
same result appear to have been familiar to iron workers in the Middle Ages, as there are numerous 
examples of niflleable castings to be found in old buildings, but Samuel Lucas, of Shefileld, 
appears to have been the pioneer in modem times of this important branch of the iron trade. He 
obtained a patent in 1804 ** For a method of separating the impurities from crude or cast iron 
without fusing or melting it, and of rendering the same malleable and proper for several purposes 
for which forged or rolled iron is now used ; and also by the same method of improving articles 
manufactured of cast iron, and thereby rendering cast or crude iron applicable to a variety of new 
and useful purposes." 

A short desciiption of the process is thus given in * The Repertory of Arts ' ;—" The pig or cast 
iron being first made or cast into the form most convenient for the purpose for which it is intended, 
is to be put into a steel-converting or other propi r furnace, together with a suitable quantity of 
ironstone, iron ore, some of the metallic oxides, lime, or any combination of these, praviously 
reduced to powder, or with any other sul>stance capable of combining with or absorbing the carbon 
of the crude iron. A degree of heat is. to be then applied, so intense as to effect a union of the 
carbon of the cast iron with the substance made use of, and continued so long a time as shaU be 
found necessary to mUce the cast iron either partially or perfectly malleable, according to the 
purpose for which it is intended. If the casting is required to be perfectly malleable, from one- 
half to two-thirds of its weight of the other sul^tances will be found necessary, but a much less 
quantity will suffice if partial miiUeability only is desired." 

Towards the close of the process the heat must be very great The duration of the heat, its 
degree, and the proportion of the substances to be employed, depend upon a variety of circum- 
stances, ** a knowluage of which," the patentee remarlu, ** can only be obtained by exoerience." 
For small articles the intensity and duration of the heat required to produce the malleability are 
less than for large castings. Such articles may be arranged in alternate layers with the other 
substances, separated, however, from actual contact by an intervening thin Isyer of sand. 

Malleable cast iron will take a certain amount of polish under the action of emery and rouge, 
but not so good a polish as cast steel. In the lathe it works about as easily as wrought iron, but 
the tool blunts rather more rapidly. Thin pieces may be bent double when cold, but seldom can be 
bent back again without breaking. It can be forged to a certain extent when at a moderate red 
heat, but if heated much beyond that, it breaks in pieces under the hammer. 

Two pieces at malleable cast iron may be burnt together at a temperature approaching fusion ; 
or can be brazed to either wrought iron or steel with hard solder. If plunged red hot into water 
it is hardened, but to an uncertain and variable extent. Malleable cast iron is verv soft, flexible, 
and far from brittle; it will only weld with difficulty, if at all; its fracture is dull grey, and 
uniform. Speciflo gravity about equal to cast iron, if anything a trifle less. 

Meet autfaoiB say it is decarburization by which cast iron is malleableized in this process, but 
Mallet doubts this, and remarks that by annealing white brittle cast iron either in haematite, 
clialk, or nnd, we obtain not so much a chemical change as a molecular change in its constituent 

particles. 

The uses for malleable castings are daily extending, and there is scarcely a trade connected 
with domestic or manufacturing appliances which does not largely employ this valuable material, 
BO superior to ordinary cast iron for most purposes One of the mo^t important applications of 
malleable iron is for the manufacture of toothed wheels for machinery, but the process cannot be 
relied on to produce a really tough metal when the castings are vi ry large, or have any consider- 
able portions exceeding 2 in. in thickness. Certain qualities of cast iron may be rendered stronger 
and tougher by the addition, in the cupola, of a proportion of wrought iron, steel, or manganese ; 
this metal is said to be better adapted for spur-wlieels than common cast iron. 

The general routine of the process of making malleable castings is as follows:— The pig iron 
is melted in and run from clay crucibles into green or dry sand moulds, and where the articles are 
small snap flasks are much used. The castings are removed from the mouhls, and cleared from 
sand by brushing, by shaking in a rattle-barrel, or by similar means, and are then placed in cast- 
iron saggers, with alternate layers of powdered red hjenjatite ore, or with fine iron scales from the 
rolline mills. The saggers are then plooed in the annealing furnace, where they are exposed to a 
eradiwUy increasing degree of heat, until a full red heat u attained, after which they are allowed 
to cool down. The articles are then removed from the saggers, cleaned from the hssmatite powder, 
and so far as rendering them •* malleable " is concerned, the process is compbted. ,. , . , 

The DiK iron employed is almost invariably hematite ; for large castmgs white hamatite pig is 
■elected iot small articles mottled pig. In England, CumberUnd iron and irons from the Barrow 
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fiteel and Iron Company's Works are largely employed ; while in America they prefer the besi 
brands of cold-blast charcoal mottled faonSy ^os. 4 and 5 Baltimore^ or 5 and 6 Chicago^ having an 
excellent repatation. 

It is essential that the pig shall be white or mottled, not grey, and it is not naoommon to melt 
np a quantity of scrap, sach as wasters, gates, and fins of white iron. 

The clay omcibles in which the iron is melted are frequently made in the foundry; they are 
heated in several ways. In the case of large works, tbe gas regenerative furnace is the most 
economical apparatus for meltiug in the crucibles, with which any desirable temperature can be 
obtained and regulated. 

When the articles to be cast are of greater weight tlian, say, half a hundredweight, the pig is 
oocuionally melted by coke in a small cupola, with fan-blast. 

But tbe most ususJ form of furnace for ordinary work is the common air-furnace, with the grate 
and ash-pit below the crucible. 

In nukking the moulds for small articles in malleable iron, the runners are nearly always 
formed in the parting of tbe box, and both gates and runners are made as small as possible; 
flat, wide, and thin in cross-section. This is rendered necessary from the rapidity with wLich the 
metal cools, causing it to contract, and frequently to break off irom the gates very quickly after the 
metal is poured. 

For small articles it is not usual to face the moulds, as the metal must be poured at each a 
high temperature that facing would be useless ; tbe small stream of metal, however, is so rapidly 
cooled in Hi passage through the mould, tbat it is not indispensable for the sand to be aa infusible 
as it would be required wiui larger work. 

The amount of contraction appears to be greater with these castings than with soft east iron ; 
they are very brittle, and should have a white crvstalline fracture. 

For small work parting sand is not used for the boxes, but fine dry powdered clay ; the moulds 
are generallv dritd in small stoves, heated by coke, or tbe waste heat from a crucible fumaee. This 
operation takes but a short time. The castings must be laked, or if verv small, sifted, out of the 
sand when cool, and must then be cleaned from sand, which can be easily effected, if the articles 
are of a convenient shape, by rolling them over each other in a barrel called a tumbler or rattle- 
barrel ; or they can be cleaned bv hand, or inmiersed in a bath of dilute sulphuric acid, after which 
they must be washed and dried. Bunners or fins on the castings have to be chif^d off with tbe 
edge of a steel chisel, as they cannot be filed away. 

The annealing pots are cylindei^, preferably of cast iron, about 12 in. diameter, by 16 in. high, 
with loose covers dropping in. This size is well adapted for small articles, but for special purposea 
the pots are frequently made of wrought-iron plates, which, however, will not stana the action of 
the annealing famace more than three or four times, whilst the cast-inm pots will frequently serve 
for twenty annealihgs. 

The material most frequently used for filling in the pots between the tiers of articles to be 
annealed, is red hsematite ore, which is ground and sifted through a mesh of about sn eighth of an 
inch, the powder not being used, or if iron scales are emplojed, care must be exercised to keep them 
free from dirt. 

A certain quantity of fresh hnmatite, or iron scale, should always be added, to any that has 
before been used, without the latter has belen newly ground up. 

A layer of haematite, or iron scale, is spread over the bottom of the pot; on this the first row 
of castings are placed, each article perfectly isolated and imbedded in the hnmatite, then another 
layer of about half an inch of the nsematite, then another row of castings, and so on until the 
pot is nearly full, when it is covered up nearly flush with haematite, upon which the cover is placed, 
and the pot is ready for the furnace. 

In arranging the pots in the furnace, those which contain tbe largest work should be plaeed hi 
the hottest part, and the pots should be marked or numbered, as a guide to the fumaoeman as to 
the amount and duration of the heat to which they should be subject^. 

Aa before mentioned, the duration of the operation depends upon the siie of the aiiioles, but the 
usual plan is to heat the pots gradually to a bright red, at which temperature they must be kept as 
uniformly as possible from sixty to eighty, or even ninety hours, after which they are allowed to 
cool down gradually in the furnace for about thirty hours; they are then removed, and allowed to 
get quite cold before being emptied. 

If the castings are removea from the pots before they are cool, they will not have sneh a good 
appearance as if allowed .to cool in the pots. It is advisable to avoid pkoing laige and small 
articles in the same pot, as they require to be in the furnace different periods, and the large aitides 
may require to be anneiiled a second time if this is done. 

After the castings have been pmpeily annealed, they are covered with a film of oxide of 
different c«)lourB. Those various colours of the oxide are a sign of good malleables. This adherent 
oxide is removed from the castings by another passage through the rattle-barrel, and the process of 
malleable iron making is finished. 

In every heat or annealing operation, the scales part with some of their oxidizing qualities, and 
before they are again used they must be pickled and reoxldizod. This is done by wetting them 
with a Bolntion of sal-ammoniac and water, and mixing ond drying them until they aie thorougfaly 
rusted, when they are again ready for use. 

Case-hardening is a means of superficially hardening cabtings, and is effected by placing the 
articles that are to be hardened, after being finished, but not polished, into an iron box, between 
layers of animal charcoal, such as hoofs, horns, leather, or skins, burned and pulverised, taking 
care that each article is completely enveloped in the charcoal. When the prooess is conducted on 
a large scale a proper furnace is used. The materials consist of 90 per cent of charcoal, tlie 
remainder being either carbonate of potash or of lime. The articles are pecked in this material in the 
usual manner, any parte which it is desired to prevent becoming case-haidcned, being joeviuiisly 
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ooat^ with olay. The hox is made tight with a lute of eqaal oarts of olay and sand, placed in the 
fire, and kept at a light red heat for such a time as will give tne required depth of case-hardening, 
which may vary from half an hour to two hours or longer. The articles are then plunged into 
water, but if they are liable to buckle out of shape, they should be otirefully put into the water, 
end first 

To caae-harden cast iron quickly, bring to a red heat, then roll it in a mixture of equal parts of 
powdered saltpetre, sal-ammoniac, and prussiute of potash. Then plunge it into a bath containing 
4 ounces sal-ammoniac and 2 ounces prussiate of potash to each gallon of water. 

Another plan is to heat the articles, after polishing, to a bright red, rub the surface over with 
prussiflte of potash, allow them to cool to dull red, and immerse them in water. The following 
miitnree are ulso employed in some shops :— (a) 3 prussiate of potash to 1 sal-ammoniac ; or (6) 
2 sal-ammoniac, 2 bone-dust, and 1 prussiate of potash. 

The length of time the articles are allowed to remain in the furnace varies according to their 
aize and the depth to which the steeling is desired to penetrate. If there are two retorts Uiey can 
be charged and drawn alternately. 

CatSng Inm en to other Metals, — It is occasionally desired to unite other metals by means of oast 
iioD, or to fix ornamental castings on to light work, made of wrought iron or steel. 

6uch a process cannot be practised with oast iron upon any of the other useful metals than 
oast iron, wrought iron, or steel, as all the other metals, at all commonly used, have melting 
points so much below that of cast iron, that they would not bear coming in contact with liquid 
east iron. 

Sometimes non-metallic substances, such as grindstones, are held in shape by rings or bands of 
iron cast round them. 

When iron is cast npon or around solid wrought iron or steel, certain changes are brought about 
apon these metals. Tne oast iron, wlieu thus brought into contact with the comparatively cool 
•ur&oe of the solid wrought iron or steel, will of course be " chilled " at and around all points of 
contact It will therefore be harder, more brittle, and much lees tough in those parts ; and this 
result will occur wherever liquid cast iron comes in contact with either solid cast iron, or wrought 
iron, or steel. 

When wrought iron is employed it is found to undergo a certain amount of deterioration, both in 
toughneos and cohesion, beccnning of less value for structural purposes where those qualities are 
required. 8t<^l suffers in the same manner, but to a much less extent A bar of cast iron, cast 
round a core of wrought iron, will be found little, if anylhing, stronger than a simple bar of cast iron 
of the same sice. Conse<)uently, where the full strength and toughness of these metals are required, 
oasting-on should be avoided, and especially in any work which will be exposed to sudden shocks 
or varying strains. 

Bat a very larse number of useful and ornamental articles, requiring little absolute strength, 
ean be most readily produced by the process of casting-on, such as hand-railings, window frames, 
panels, hat and umbrella stands, bedsteads, or ornamental ^tes. 

One well-known application of this process is Moline's invention for the combination of wrought 
and cast iron in the manufacture of window frames. The sash-bars are formed of wrought iron, 
rolled of any light and convenient section, suited to receive glass; these bars are united by 
ornamental cast-iron bosses. 

An iron pattern is first made, from which a sand mould is obtained, the wronght-iron bars are 
eat to the required leuKths, and placed in the mould, with their ends nearly touching ; over these 
ends the mould of the boss is placed, which must be sufficientlv large to cover them, so that when 
oast on, the bosses shall firmly unite the wrought-iron bars. These windows^can be readily made of 
any usual size or shape, and are easily fixed. They are light in appearance, and combine the 
strength of wrouffht iron with the ornamental character which can be easily obtained by the addi- 
tion of osst-iron flowers, scrolls, armorial bearings, or other ornaments. 

For ornamenting wruught-iron railings, two ways of applying cast iron may be mentioned. 
Either the wrought-iron bars may be placed in the moulds, and the ornaments cast round tbeir 
ends, or the ornaments may be cast in green-sand moulds, cored out to fit the wroueht-iron bars, on 
to which they are afterwards fixed by an alloy of sine and lead. Lead alone is to oe avoided, as it 
•ets up a galvanie action, and assists the formation of rust. 

If cast-iron chill-moulds are used for the ornamental eastings, the ornaments will naturally be 
rather brittie ; in most cases this will be found of little consequence, but where it isdetdred to avoid 
brittleness, the work can be placed in an annealing oven, when the cast iron will be made into 
nmlleable cast iron, without prejudicially affecting the wrought iron, if any is used in conjunction 
with the cast iron, as ii frequently the case. 

Buming-on is occasionally practised, for the nnrpoee of ornamenting wrought iron with scrolls, 
volates, or twisted forma. Loam moulds sre maae, and when thoroughly dried, are applied to that 
portion 61 the wrought iron which it is wished to bum on to; cast iron is then poured through the 
moulds until the wrought iron is brought to a welding heat ; pouring is then ceased, and the cast 
iron, when cooled down, is found firmly affixed to the wrought iron. 

For ornamental oast-iron railings which are designed with comparativelv heavy pilasters and 
bars, having the intervals between them filled in with light ornamental work, the two should not 
be oast at one and the same time, otherwise the light work will be almost certain to break away 
from the heavy, owinff to the unequal contraction in cooling. The ornamental work should be cast 
first, of fine, soft, fluid iron, and be provided with small fitting pieces or lugs, at convenient points 
for fixing to the heavy bars or uprights. 

Goat these lugs on the fine work with olay and blaokwash, place it in a sand mould, and cast the 
heavy woric round it. By so doing the iron will not b« liable to fracture from unequal contraction 
and expansion : but brittleness is another danger to apprehend, which shows that very ornamental 
floe work, which is usoaUy costly, should be av^'^^'i *» »ii nubllo thoroughfares. 
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BorniDg-on is eometimeB of service in repairing a broken or damaged casting, bnt the prooen ia 
neither applicable to fine delicate work, nor to cases where the size and shape of the original cast- 
ing must be strictly preserved, as in a cast-iron wheel, which would probably be twisted oat 
of shape, by the expansion and subsequent contraction of the metal, during the operatioQ of 
buming-on. 

But a piece of machine framing, the necks of rolls, or a standard which has been broken or 
found defective, may be repaired as follows : — First cut awny the defective parts down to the sound 
metal, build a coke fire round the pert of the casting which is to be repaired, until it is brought to a 
bright red heat, then dust over the surface of the cut metul with powdered glass or borax. Then apply 
a hollow loam mould of the desired part to the casting, properly secured in position, and provided 
with a hole for the exit of the metal. Pour very hot liquid cast iron into the mould, and allow it to 
flow away, until the cut surface of the original metal of the casting can be felt with an iron bar to 
have become soft and pasty, by contact with the hot liquid iron. Then stop the exit bole, and allow 
the metal in the mould to set. If the operation has been properly performed, the cabtiog shonid 
ring, when struck, with the same sound as a single good castmg, thus showing that the old and new 
metal are perfectly united. 

Whero portions of large castings requiro to be removed for this buming-on process, the easiest 
mode of doing it is, to cut the casting whilst at a cherry-red heat, with a rapidly revolving circular 
saw, such as is used for cutting off the crop-ends of rolled rails. 

Cast iron may also be bent to a considerable extent with safety at a cherry-red heat, which 
quality is occasionally of service, in remedying variations from the desired shape, arising horn con- 
traction in cooling. The bench or surface on which such bending is to be performed must be 
constructed of non-conducting material, such as baked fireclay, otherwise the iron will port with 
its heat too suddenly, and break rather than bend. 

Holes occasionally occur on the surface of a casting, which, although not of sufficient importance 
to make it advisable to reject and break up the casting, are unsightly. Liquid cast iron may be 
poured into such holes, the superfluous metal being removed by an iron straight-edge. It is moially 
preferred, however, to fill up these cavities with on alloy having a similar appearance to the oasi 
iron, but much more fusible. 

CEMENT, CONCRETE, LIMES, AND MOBTAB. 

Limes. — Lime or protoxide of calcium occurs most frequently in combination with carbonic acid, 
as carbonate of lime. Carbonate of lime is insoluble in pure water, but if the water contain car- 
bonic acid, bicarbonate of lime is formed. This solution can lose by evaporation half its carbonic 
acid, when an insoluble carbonate is formed, this action occurring natmully in the fonnation of 
stalactites and stalagmites, and in the formation of calc-sinter in scncalled petrifying waters. Thia 
action may take place when lime is used in certain cements. When carbonate of lime is Ignited aft 
a white heat, the carbonic acid is disengaged, and protoxide of calcium or caustic lime remains, 
100 parts of carbonate of lime yielding 56 parts of burnt lime. Burnt lime is the oonmion oom- 
mercinl form. If carbonate of lime be superheated in a dosed space it melts, forming a crystal- 
line clinker of an afterwards unalterable carbonate. In burning, lime undergoes no diminution of 
volume. 

The burning of lime is effected in kilns, in field ovens, and in lime ovens, descriptions of which 
have been given in this Dictionary. 

The quality of the burnt lime of course depends upon the constitution of the limestone burnt. 
A limestone containing a hi>^h percentage of pure carbonate of lime yields a fat lime. Limestone 
of similar constitution to dolomite, containing magnesia, yields a poor lime, which forma only 
a thin pulp with water. 10 per cent, of magnesia renders the lime appreciably poor, and 30 per 
cent, causes the lime to be useless. 

Burnt lime so easily slakes with water that 100 parts of lime require only 32 parts of water, 
or 3 volumes of lime to 1 volume of water, the combination attaining a tcmpemture of 150° G. 
The result of the slaking is lime meal or powder lime, a hydrate of protoxide of calcium, which 
exceeds in volume three times that of the lime slaked. If less water is added than is requisite for 
the formation of the hydrate, there results a i^and-like powder of no technical value. For tiiis 
reason, lime should not be placed in biitkets exposed to moisture. For building, the lime is slaked 
with one-third its weight of water, and an equal quantity of water is added to form a thin pulp, or 
cream of lime. 

Cream of lime mixed with sand forms mortar, which may be either air-setting or hydranlio 
mortar. Limestone containing more than 10 per cent, of silica, when burnt and made into a 
mortar, hardens under water. 

W. Mead converts lime that has been used in the purification of illuminating gas into oanatie 
lime. The spent lime is pressed into bricks or blocks by the same means as are employed for 
forming ordinary bricks. These bricks are placed in a convenient kiln, and subjected to increasing 
heat sutficient to drive off the moisture, ammonia, carbonic acid, and sulphur which the lime baa 
absorbed in purifying the gtis. 

The difficulty ex|)erienccd in rebuming lime of this character has arisen from its powdery 
nature, by which the permeating of the mass by the fiame is prevented. By pressing the 
lime into bricks this difficulty is avoided. Tlie lime is taken as delivered from the purifying 
boxes, and is pressed. Fire is now started in the fire-box, and the bricks are bunied in the 
maimer us clay bricks. The length of time necessary to drive off the moisture, ammonia, o 
acid, and sulphur depends somewhat upon the size of the kiln and the intensity of the heat. 

Th« brij'ks will shrink in size as they lose carbonic acM, sulphur, and the like, and from mch 
Khrinkii^c it can be ascertained when the burning is finished; from 20 to 36 houra are sufilcient 
Ity thiM imwcss the lime may be used an indeHnite number of times, as by each burning it is 
convurtfMl into caustic lime, only requiring slaking to convert it into the hydrate and fit it for the 
purifying boxes again, or for other purposes for which caustic lime ia used. 
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D. Michel m iu mft ictuTee hydraulio limes and cements by sabjeoting the raw materials to a 
special treatment with acids. 

Instead of keeping the heat of the kiln in which the materiala are calcined within certain limits, 
it is raised so as to over-bum the products. The first lime, which is iu excess, is extracted, and the 
nodules then subjected, as well as the under-burnt remainder, to the action of a bath of dilate 
hydrochloric acid. The proportion of acid will of course vary with the amount of lime contained 
in the under-burnt portion and nodules, but it should not exceed on an average 3 or 4 per cent. 
The proportion should, in all cases, be determined with accuracy by a preliminary test and a 
previous analysis of the raw materials. The nodules and under-burnt portion are allowed to 
effervesce in tlie acid baths until quite cool, and are then dried in a furnace until fit for grinding in 
the ordinary manner. 

Hydraulic cements and limes may therefore be over-burnt without injury, the under-burnt 
portion and nodules, which in the oroinary process of manufacture are wasted and caiise consider- 
able loss, being utilized for the manufacture of hydraulic limes and cements of first quality. 

Mortar. — Slaked lime exposed to the atmosphere absorbs carbonic acid, shrinks, cracks, and 
when perfectly dry is of the nardness of marble. On account of the shrinkage it is necessary, in 
order to form mortar, to add sand or some similar material. Angular or sharp sand mokes a tena- 
cious mortar, whilst round-grained sand yields a brittle mortar. The propoition of sand to lime 
depends upon the nature of both materials. 

The d^ing out of the water from mortar is not the only cause of hardening, as may be readily 
learned by drying mortar by artificial heat The setting has been accounted for by supposing the 
formation of neutral carbonate of lime, which does not convert to ordinary carbonate. But this 
theoiT does not agree with the results of analysis, as 20 to 70 per cent of carbonic acid has been 
founa in mortars. No theory covering the ground fully has yet been advanced. 

Mortar formed with hydraulic lime is termed hydraulic mortar ; hydraulic lime is a mixture of 
carbonate of lime with silica or a silicate, generally silicate of alumina. During burning, hydraulic 
lime undergoes a change similar to that which occurs when a silicate insoluble in acid is precipi- 
tated, while applying neat, by an alkaline carbonate. Hydraulic mortars are composed with a 
thin pulp of lime, to which sand is added, or by mixing air-setting mortar with cement 

In some experiments carried out at Bangalore, India, by E. Nicholson, the bricks, although of 
good quality, were often unable to bear a strain sufficient to rupture the mortar. With 17 to 22 lb. 
a square inch the bricks showed a ten<1ency to peel. In the course of the experiments, it was found that 
the adhesive strength of the best cement was invariably greater to stone than to bricks, in the average 
proportion of 1 *7 to 1. In using mortars consisting of sand and fat lime, in the proportions of 1 shell 
lime paste, 2 sand, the best re^ts were obtained when the bricks were soaked for a few seconds 
only. In mortars of fet Ume and soorkee, or pounded brick, the adhesive strength decreases with 
an addition of soorkee beyond 1 part, but diminishes still more rapidly when diluted with sand, 
while for tensile strength the proportion of soorkee is unimportant, the cement being as strong with 
sand as without The best soorkee cement for masonry is made with 1 of soorkee to 1 of lime paste 
or an equivalent ouantitv of slaked lime ; aftor twenty-eight days' inunersion it is of greater strength 
than the best bricks, and withstands a disruptive force of 60 lb. a square inch. When rapid setting 
is an object, the proportion of soorkee may oe increased to 2 parts, but with some loss of strength. 
For economy the former cement may be diluted with 1| of sand ; and with rubble masonry, 2 of 
soorkee may be used with 1 of lime paste, and the cement diluted with 2^ of sand. 

CemenL — Cement, or artificial hydraulic mortar, can be prepared from ordinary lime by adding 
silica. There exist natural cements prepared from tufi-stone, or trass, a tertiary earth, having for 
base pumioe-stone ; Italian pozzolano and santorin are the chief of these cements, but the use is very 
Kmited. 

The hardening or setting of hydraulic mortars has been studied by many eminent chemists, but 
the hypotheses advanced are unsAtisfactory. Portland cement is considered, by Winkler and Feich- 
tinger, to harden from the chemical action, effected with the aid of water, under which the silicates 
separate into free lime and into combinations betwi en the silica and the calcium, the alumina and 
tlie calcium, the separated lime combining with the carltonic acid to form carbonate of lime. In 
Portland cement the silicic acid can be represented by alumina and oxide of iron. Winkler con- 
cludes that in all hydraulic mortars the hardening depends upon the chemical combination 
between the lime and the silica, as well as between lime and the silicates contained in the cement, 
and these views are undoubtedly correct, althoogh not definitely proved. 

Fuchs, of Munich, explains by the following theory the reactions occurring in the manufac- 
ture of cement as practised in Germany. The carbonate of lime becomes ciustic on burning, and 
acts upon the clay in such a manner that the silicic acid is set free by means of the caustic liwe, 
and combines with the lime upon subsequent treatment with water, producing a hydro-silicate, the 
presence of alkalies b^ their substitution through heat favouring the reaction. Cement is stated b^ 
other German authorities to owe its quality of hardening to the presence of silicates and alumi- 
nates of lime formed by the action of heat. 

Portland Cement, — There are at present two different methods of manufacturing it According 
to the wet method commonly practii^ed in England, the chalk and clay are first washed in wash 
mills with burrow tines, and are mixed with alMut five times their weight of water. They arc thus 
tlioroughly disintegrated, and the mixture flows out of the wash mills as a liquid of about the con- 
sistency of milk. The next process of manufacture is the separation of the water which has tlius 
been mixed with the chalk and clay, in order that the slip or slurry, as the mixture is termed, may 
be sufficiently dried for burning in kilns. The liquid is therefore run into restrvoirs, or back^ 
in which the chalk and clay gr^ually subside, and the water above is removed by drainage ana 
by evaporation. This process occupies from six to twelve weeks. 

According to the aij method, as practised in Germany, the chalk and clay are each ground 
separately, having been first artificially dried to facilitate the grinding. They are then mixed, and 
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tbe mixture nsnldnK U miule Into brioki or lotupa bj the ^A of Jnit mfllofent nier to Uad U. 
The bticks are then burnt in kilDB with ot Klthout being prerknul; dried. 

Aoooiding to Oorebom'B prooeei the otulk aud ela; are rooeb]; mixed in k mah mill with ft 
■mall quantity of water onl;, ny from one-GfUi to one-third of the total weight The prodnet 
remltiag from tliis opentioii ii not a liquid, but a mnd with coiAe ptuiioles of nndinnteKiBted 
chalk and olaj interq>erBed throngliout it. Tiiis nod ia then paaaed through a puir of millatonea, 
Buoh aa are uwd lor grinding cement ■fler it eomea from the kiliia, and tborDaghfyaommiDotedaod 
mixed. It ia then immediately tranaferied to the drying atovea or ohamben, without being ponred 
into the reaervoin or boclu, and the dried alip U bnmt in kilna. A ponion of the fuel fur burning 
the cement may be mixed with tbe ohalk and olay, and in aneh case the foel ia added to the other 
materials ia the wsHb roilL 

By this process the time, apaco, and oipenae ia avoided, involved in driving off the exoeMiva 
qnantity of water with which the chalh and clay are mii(^ aooording to (he wet way of mannfao^ 
turn, by efTeotiiig the perfect diBintegialion and miting of the materials with a mall quanUtj of 
water ooly, and obtaining a product wliich can at onoe be dried by artiScial mean* without tbe aid 
01 drainage or evaporation in beoka. Tbe expense Inouried in the dry proccaa ia aToided by drring 
and grinding tbe chalk and olay aepamtely, and in atterwarda mixing them with water, and umt 
oommination and more uniform admixtare oan be obtained. 

The chemical analysis of Portland cement givea about 60 per cent, of oarbonata of lime, tha 
remaining 20 per cent, being oomposed of sitioa, ifon, and alumina. In practice theae proportioDa 
are roughly attained by a mixtme of limeatona and olay, of about 4 of ohalk to 1 of clay, aooording 
to the ingredients each material need la found to contain. Theae are mixed in what are known u 
wash mills. 

The wash mill, Fi;;. 810, is a circular pan about 18 ft. dtauteter aiwl 4 ft. de«), usually built of 
brick, with a brick bottom, annk into the ground and puddled on the outside. On one aide of tbo 
pan is an opening, or in some cases an overflow ; in the case of an opening this is covered with 
perforated lino or wire gauie, forming asieve, so as to allow of nothing passing but the chalk and 
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clay which ire held in solntion. In the centre of the pan ia a revolvior vertical sliaft, to which ia 
bolted a framework carrying the harrows ; theeo have tlieir tinea flxea at different distaocaa ban 
the centre, car« being taken to arrange them so that no two shall immediately Mlow each otb9 
in their coorse. or io other words, be the same distance from the centre. The tines an usually mada 
erf' wronght iron, about U in. square, and theirdistanoe apart must vary aooording to tbe alle of tha 
chalk to be washed, chalk In large piioes of course requiring tbe tinea to be placed btther apart 
than when small refuse chalk ia used. Tlie centre shaft, being driven at about 18 levolntioDS a 
minute, by means of bevel wheeU fixed oo the top, and connected to the engine by a driring strain 
lakes the hattows ronnd, and thus mixee or waahea tbe chalk and mod. Some maoufactnren 
prefer to have tbe gearing arranged imderneath, in order to allow of a perfectly open qpaoe over 
the pen ; but in that nrmngoment the difflcnlty of gutting at it for oiling, and tbe quantity at dirt 
which worka Into the bearings, quite obviate any advantage gained by a Clear space above, aa Um 
overhead gearing. If properly arranged, need in no way interfere with the workmen, Outaide the 
pan is the well A. into which the washed clay and chalk run through tbe rieve B. If two or moie 
wash mills are uii-d, it is advisable to connect them all to one Well, ao that one pump may lift all 
the slurry &om the diffprent mills ap to the trDueh C, leading to tbe backs. One of the diffionltiea 
atti'udin^ this part of the manufacture of Portland cement iathe onn tinned choking of the pump; an 
elevator la therefore used. It is simply a succemion of buckets Bied upon a ountinnooa band, 
Mvalving round an upper and a lower drum, as at E B ; the buckets dip into the well A aa ther 
oome to tbe lower drum, and take np tlie slurry, wbtoh, as thay turn over at the lop dmm, U 
thrown into the leading tiimgh 0. Tha sixe and number of tho buokeU depmd od Itie quantity tl 
■lurry to be lifted aa hour. 
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The proocM of washing or niilne 

ra tippM into Ihe p«n at Iho point 1 . „ . .. ^ , _ 

proportion of about 2 of water to I ot eUk Kod claT. Tbe tinea in fiieir ran>lntion thro.. 

dialk and clay abont, and lliereb; thotonghl]' mix and dinategnte tbom ; and belii(! thna held in 
■ulntioD, the material pasat* thioiigh the riere or orer the oiOTflow, ea the case max be, tub) the 
well A, in the furm of slnn?, which ii then lilted by the elevatoi or pump to the leadiD); trou^ 0, 
and thenoe paeaea to the back. 

The backs are io w ji toira nmalt; made large enowh to oootain about 600 oab. vda. oT sluny ; 
thua. ai 2 eub. jda. ot dorr; yield abont 1 yd. of floianed oeaient, and a back will lue from aii to 
e^ht week* to Mttle, it ia eaaj to detenuina the unmber leqoired, the depth being aboat 4 fL and 



tbe (idea hnilt sloping, as In Figs. 811 and 812. It ia adviiable to bftve m mnoli baok room u poa- 
•ible, in proportion to the rest of the workr, oa, aJthough the milla tmj be worked day and ufght, 
(he aluiTj can only settle b; gradnal aubsidenoe ; and pushing a beck, that ia, putting tile alurrf on 
the drying floor too wet, neoeeaitateB a greater amouut of taei to dry it, and th(u a Ion. When a 
' * ' 'led it is allowed to aeltle, the chalk and clay (inking to tue bottom. The water ia thou 



back 




IT by meani of the sluice at A. and the b«* U rrflled, the walw belrig ajtritj drawn off wW 
Jed, and ao on untU the bw^ i« fnJl; tbe slurry U then dug oiit, and laid on l)i« ilrylni 

I Iron plalei, with an arrana^ 
le at tli« othsr «h1 eunduatrrig 
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to the ohinmej shaft A. Id most oement tuaanfaatoiJos the drying floor u ouuitmated with ocking 
ovena Dndemeath, so th^t, vhile dryiDg ths slurry, oake to be used in the kllm i> nunDbetnred ; 
but a simple firegrate is preferable. With that arrangement the cheapest fuel can be nied, leas 
care is required in stoking, and the loss from bad coke is BToided ; the cost of ooDstmctioD is oco- 
nderablf reduced ; besldM which, the repairs needed to a coking oven are oonsiderable, as against 
almost none in the other case. It id advisable (o oonetruct the floor of such a siie as to dry anffi^ 
oient slurry for one day's work, so an to avoid loss of labour and fuel ; it should be oovcred with • 
light roof supported on oolumns, the sides being left open to allow the moisture evaporated from tha 
wet slurry to escspe, but at the same time proteoting tbe floor &om the weather. The slurry, aa 
It is brought from tbe backs, is laid oD the drying-floor in a layer about 5 in. thick, which by th« 
evaporatiou of thS" moisture becomes reduced to about i iu. when dried ; it is then ready to be 
loaded into the kilnH to bo bnrnt. 

The kilns are circular in plan, and usually of about tbe funn Fig. 815 ; but the shape vartca con- 
siderably in different districts. Tbe principal requirements are that they should have a good 
drauglit, and that tlieir inner surface should be so formed that the cliaker as burnt shall fall to the 
bottom evenly and without clinging to the sides ; for when the clinkor hangs, its weight neceuanlj 
brings down some of tlie inner CHsing of the kiln, and the kilos, under the most favourable cireiuii- 
stances, form one of the most expensive items in a Portland cement manufactory, ooating •■ iddcIi 
as from 30 to 40 per cent, a year of their first cost to keep them in repair. Perhapa the meat eoonn- 
mical size of kiln to adopt is one large enough to bom from 20 to 30 Ions of flnished oameot. F(« 
tt 20-lon. kiln a capacity of about 70 cub. yds. is requisite, tbongh many mannlacturera, by what ia 
called topping, that is, adding fresh coke and dried slurry as the clinker sinks, bum 30 ton« in » 
kilu of that size. As a kiln takes one duy to load, one day to bum, one day to cool, and one day 
to unload, the number of kilns required for four days' work, is four times the number required fi 



one day's burning ; but as repairs are always necessary, it is well to provide a sulBcient number 
of kilns (o do from four and a half to five days' work. The kilns are charged through the toadine 
holes at the paints B B, Fig. 819, with alteraate layers ofcoke and dried slor^, in tlieproportiaa^ 



g. 819, with alteraate layers of coke and dried slor^, in tliepTDportiaa ^ 
slurry; and when properly burnt the kilu is opened and allawed to ooot, 

_._ ._ .. n it IS token lo tbe crusher to be to^eu iutopieoea aboat 1 in. cube, 

preparatory to being pamied through the millsloneo. The kilu is drawn by knocking oat tlie flm- 
bars, and the charge falling into the B«h pit is taken out and carried to the onuher. 



'0 of dried slur 
s tbe clinker is 



VsrioDs means of bieuklng the clinker are adopted, from tbe roagh and somewhat expensfva 
way of breaking it by hand with a hammer, to the most elaborate stone-breaking machine. With- 
out coing to tlie expense of such a machine, bnt yet improving on the fonoet method, a pair of 
crushing rollers, as shown at R H, Fig. 816, may be adopted with economy. The rollera, niule of 
coot iron with ehilled faces, are formed with grooves along their entire length, and are placed 
at such a distance apart as lo break the clinker to the requisite size. A hopper is plaoed ot» 
them, leading the clinker between the rollera, which, by revolving in oppoule diroetioiu, crash 
it as it hlli bttween ; the clinker is then led by on inclined pLine into a trough, to be lifted by the 
elevator E into the hopper H, supplying the millstones. The elevator is on the same priDdple aa 
that for lifting the rlurry ; bnt the busketa are considerably lieaviei and (tnmger, and abonld be 
lipped with steel In ordir to withstand the ronghnesa of the broken clinker. 

The hopprr H, Fig. 816, leading to the miUstonea, ahonld be made with the sidee slope'l lo a 
aufflciently steep angle to allow ot (he clinker UliDg easily to the bottom and into the ahakinff- 



CEMENT, OONOBETE, LIMES, AND MOBTAB. 836 

trough T. l^is trongb, which is made to shake by means of a cam C fixed on the centre shaft of 
the millstones, allows the clinker to fall gently in between the stones, and the shaking prevents tho 
clinker from blocking the lower mouth of the hopper. 

The millstones, generally from 4 ft to 4 ft. 6 in. diameter, have an outer casing of iron. The 
clinker falling into the centre of the top stone is taken in between the stones, and is gradually 
ground, and led to the outer edge by g^rooves, sudi as are usually cut in millstones ; it thenoe falhi 
into the outer iron casing, from which a spout S leads it to any convenient place where it can be 
collected in barrows, and laid on the waronouse floor. 

It is found convenient to drive the mULstones, crusher, and clinker elevator by one enjzine, 
driving the mill shaft by means of friction or toothed wheels direct from the main sliaft M of the 
engine; this is plnced under the her&e floor, which should be about 6 ft. above the warehouse 
floor. By this arrangement any number of stones may be driven, by connecting them to the 
shaft by bevel wheels; the bearings are all covered up, and the dust from the cement is kept 
from them. A good inclination can be given to the spout 8, leading from the millstones, thus 
enabling the ground cement to clear them easily. The elevator and crusher mav be driven from the 
mill shaft or from the main sliaft of the engine as found most convenient. Each millstone requires 
from 8 to 10 horse-power to drive it ; the power to drive the elevator and crusher must of course depend 
on the amount of work which they have to do, but it may be allowed that for a four-stone mill aoout 
40 horse-power will be required to drive the stones, elevator, and crusher. It is preferred by Faija, 
whenever possible, to drive the wash mills and slurry elevator by separate power from the rest of the 
machinery, because, besides the advisability of sometimes placing them at some distance from the 
mill and warehouse, it is always well to be able to continue filling the backs, even when the rest of 
the works are temporarily stopped. The power required to drive a wash mill of the construction 
shown in Fig. 810, with its elevator, would be f^m 8 to 10 horse-power, and it would wash from 
80 to 90 tons of slurry a day. 

As the wash mill is where the ingpredients ultimately formed into cement are first incorporated, it 
is of the greatest importance that the proper proportions of chalk and clay should be used, and it is 
therefore imperative that frequent trials should be made of the slurrv as it leaves the wash mill, 
BO as to ensure the backs being filled with a uniform quality. The chalk and day should also be 
occasionally analysed, in order to correct any variations that may occur in either. 

The drying process being merely an intermediate stage, assisting in abstracting the moisture 
from the slurry, does not call for particular attention: but the kilns need careful manipulation. 
Care must be taken that the kiln is burnt evenly throughout, and when unloading, the clinkers 
should be carefully sorted, and all vellow or softly burnt pieces returned to be placed on the top of 
the next kiln and rebumt ; and only that clinker which is perfectly burnt should be passed to the 
crusher to be prepared for grinding. 

Having passed through the miUstones, the ground cement is laid out on the warehouse fioor and 
allowed to cool, being occasionally turned over. This mixes the different days' work and gives 
uniformity to the cement produced, and also allows any particles of lime still unslaked to slake by 
exposure to the air. The cement should be left in this way for a considerable time before being 
mcked, and it will then have become thoroughly cooled, and there will be but little fear of its 
olowing when Tised ; curiously enough it will also have increased in weight and bulk, so that it is 
to the advantage of the manufacturer to follow this course, though the great demand for cement, 
the space it occupies, and other trade reasons, often prevent this plan being carried out. 

The quality of Portland cement is usually determined by its colour and its weight, in combina- 
tion with its fineness ; besides which it is required to withstand a certain tensile strain when made 
into a briquette, or small testing block, and to show no signs of either expansion or contraction in 
setting. Though at present oomdderable diversity of opinion exists as to what the tests for fineness 
and tensile strength should be, still, when it is remembered that the cement should be of one uniform 
good quality, capable of being gauged with two or three or even more times its bulk of sand for 
use, and that when the weight and fineness are in such proportions as to give a good carrying 
capacity for sand, the tensile strength is assured, it becomes possible to arrange such tests as will 
meet most requirements. 

In colour Portland cement should be of a dull bluish grey, and should have a clean, sharp, 
almost floury feel in the hand ; a coarse, gritty feel denotes coarse grinding, and the finer a cement 
is ground the more it approaches to an imjpalpable powder. It should weigh from 112 lb. to 118 lb. 
a striked bushel, and should be so fine that 80 per cent, will pass throuc^h a sieve of 2500 meshes to 
the square inch ; when moulded into a briquette and pLiced in water for seven days, it should be 
capaUe of resisting a tensile strain of from 300 lb. to 400 lb. a square inch, and should, during the 
process of setting, show neiUier expansion nor contraction. 

A light cement, one weighing from 100 lb. to 108 lb. a bushel, is invariably a weak one, though 
it may be of requiidte fineness ; at the same time a heavy cement, if coarsely ground, is also weak, 
and will have no carrying capacity for sand. As the more the clinker is burnt the harder and 
heavier it becomes, and therefore the more difficult to grind in the millstones, the heavy cementej 
are ahnost invariably coarse ones, and as an under-burnt cement from its softaess will be ground 
fine enough, but will be deficient in weight, it will be seen that the weight, unless taken m 
conjunotion with the fineness, is no test as to the quality of the cement. It will therefore be 
found advisable to adopt a medium weight such as already menUoned, namely, from 112.1b. to 118 lb. 

ExpanW which is due to the cement being too hot, is met with most frequently in very 
heavy ^mente, from their containing in their original ^ude form a large proportion of lime, 
which does riot get thoroughly removed in the process of burnmg m the kilns ; small particles 
^nwquKQtly reiSin unslakedf which slake when the cement is gauged with the water for use, 
and these eventually blow in the work, causing a general expansion. An under-burnt cement, or 
SSe^Tis^ too •oon after it has left the miU ^^ the 
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oame debet. Tba moet dmpla tert for detecting expaniion in a oemeot, Ii to tatke wnall p«ta with 
a trowel, about 3 or 4 in. sqoaie, and ptsoe them in water wben set suCaciently, wbere they •Uoald 
lemaia a Tew daTs. If the cement be Kood, tliey will show no alteration in form, but any cnclts 
ebowing on Cbe edgee. oi other deviations IVom tbe original shape of the pats, indicate tlut the 
cement i» of this expanslTe nature, and tbcieCore not to be tnut«d. Bat becaose a cement will not 
stand this test, it is out in all oases to be oonilemiied as useleu, as it« expansile or blowing 
property may be atlribulable (o its being used loo soon after leniing tbe mill; a praper proceH 
«f omling, placing it in a thin layer ou a dry fiojr for a short time before using it, will oorreet 
the defeat, 

ContraotioD, due to the cement being orer-clayed, may bo detected by a similar teat to UuU 
for oipansion. 

J. B. White and A. Glover have ejected improvements in the manufactnre of Portland obdmd^ 
relating to the drying and burning of the wet slip or nluiry frum which t)io cement is produced. 

For lliis pnrpoee kilns of Bmaller dimensionB uiao is usoal are empi lyed. covered at tbe top with 
an arched dome, through which is aa opening for charging the materials into the kilo, aiid also 
otiier openings for allowing tbe beated gases from tbe kiln to pasa into a flue or drying chamber on 
tbe ground level. Ttia chamt«r may be divided by a boriiootiLl partition of tiles, on lo the top 
of which slio or tlorr;, containing, say, about 40 pat oeat. of water, aa prepared t^ the Ooreham 
process, (»n be pumped. A further qoantity of tbe slip or slurry is also pnmped on to the top of the 
chamber, which consists of iron plates. 

The heated gases as they come from the kiln are caused to pass along tbe chamber on the 
under side of the horizontal partition, and at the end of tbe chamber to rise np to the lop of the 
chamber and pass back above the partition, and are afterwards led away by side Munings (o a floe 
leading to a diimtiey. By this construction of kiln and drying flue the heat of the ganee evolved 
in tho burning of a charge in tbe kiln is utilized, and without using mare than the minimum 
qnanCity of fuel necessary for Che proper calcioation of the Portland cement - the heat given off is 
more Chansufflciont to dry tbe quantity of slurry required for the next charge aod burning off of tbe 
kiln. The size of Ibe kiln, about It ft. deep and 10 ft. diameter at top, nllowe of tis being charged 
or loaded Irom the loading eye ui opening at the tap, instead of, as is usuaUv the case, requiring 
men to descend into tbo kiln to load it. The advantage of this is absence of delay, which enablee 
a mnch larger quantity of cement to be got out of this siie kiln weekly than is usuaL Tbe bnmt 
oemeot is drawn off from the bottom of the kiln. 

Instead of tbe drying fine being divided by a horizontal partition, it may be formed without 
this partition, and slip or slurry be pumped on to the top only of the flue ; in this case, vettioal 

Klitions are nsed to cause the gases to travel to the end of the flue, along one of its sidea, and thea 
k on the opposite side. 

In Figs. 617 and 818, A A are tlie kilns arranged in two parallel rows, with a floe B between 
them, leading to a chimney ; one row only of the kilns la anown, tbe other row is ranged In the 
■ame way on tbe opposite side of the Que. D D are tbo drying flue% one for each kiln. The flnea 
ate similar in their ooosttuotioa to flaea nsed fur drying sltury. The gases Etom the kiln tmtar tha 
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floe through openfoga E, and pnsa along under the hon'iontel floor F, whioh divide* the floe lMn1> 

It T, and descend by flues B' t 

of about 200° and lauTvIng with tliem t , „ - 

flues D sre covered with plates Q, upon which slurry can alio be pnmped. Each kiln Is oharged 
through an opening H at tbe top, closed whilst tbe kiln is being flred. Each kiln Is drcnlar to 
plan, havlnft a chamber of about 10 ft diameter at its upper part, and of a depth, from fnman bsr* 
to the loaillng eye U, of about II (t Tbe top of the kiln is covered by a semirircnlar doma^ 
which isantirnlybektw tha closed top of the drymgflue. 
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WBen » <Jtuge tws hrtB boiiit in one cf the Idhui, It it witbdiKwn at tbe bottom into ■ Innnel 
I, thmogfa wbicb it an be coanjed *«sj. 

int the ftdnuitBges deriTed famtbeanoTkiliMuddrTiiiK flneaumiged in lhi# nuaner, 
ible ta tbiw in the dried ■tuff thst bu to be bunt wilbaat injorj to the nuteriol bj 
and to antid the iinmiilj of men catering the kiln and stiTriDg it by liand, requisite with 



breaking. 



the larger imd deeper kilne ordinaril; emplofed tc 

' god and drawn. The kiloa being built cloae ._„ ^ „ ^ _._ „._„ .^ 

Cor drawing, neither the kiln nor the ohamter witli wbioh it Ib ccnnocted ever grt really 
cold. Thia pecollBTitj, joined to the nnde^round conelruolion, whjuh prerenU all le^taf^ and 
abaorba tha whole or Uie bnmt prodoota. permits the kilo to bo charged and drawn (wioe iti each 
week, and oonioqnenUf to yield weekly as large a (Quantity of clinkpr ua lb uaually obtained in tliat 
space of time from a Uln of double the cubto <specity. A conBidHtabl a diminution in wiar and tt'ar 
of tbe kiln ta alio obtaioed consequent on ita not being allowed to oool down, and to undt'rgo tlie 
alternate contraction and expansion which rceulta from auch cooling. 

W. 8. Akerman manufacturea on bTdraulio cemont from tump and ground blue llaa lime. Bhalea 
and limeaton{« are carefully selected with a. view to tbeir containing in the aggregate, urtor preliminary 
calcination, the proportionB of lime, aluminti, and silica uaually employed in Ibe maiiurBOture of 
Portland cement, and sacb shalee and llmeatoncs aj do not vary widely from audi proporlioua are pro- 
ferred. Tbe liineistoiies and ahalea are thon burnt, either separatply or together, in ordinary lllne> 
kilns to the ioferior limit of calctoation. and the burnt product ground bvtwcou ordiuiuy uiillstone* 
to a fine powder, care tieiDg taken that the burnt producta are thoroughly mixed, citlier before or 
during the grinding operation. The powder produced is allowed to a)>Boib as much water ua it 
will, no mixing while in a wet state being necessary, and after the hydration ia oomplcltil. it 
immediately nommencea to set, and in a very few days becomeB perfectly liard and dry without lliu 
aid of artificial beat. Tbe product ia again burnt, this lime lo the superior limit of oafoitiHtiun, and 
ground, and is then fit for use as hydraulio cement. In the matter of plant, no wash mllU or niortat 



mills, hot platee or diring sheds, or reservoirs are required. 

B. O. White anil J. B. White have reduced oonsiderabiy the ooat of manur>iaturo of PortUnd 
cement Chalk and day in tbe natural atale ere taken, and without water, an iutininta Hdliilx- 
lure obtained, by placing tliem together in a hopper, from whiob they pass to a sorli^i of pairs 
of cruslilne rollers. The malerials oa they leave the liopner have first to puss lliroiigb a ladr 
or pairs of fluted crualiing rollers, to otiier pairs of plain rullen placed oloaor and otoai'i' logctliur, 
and mnning at increased snrhce speeda. By tliis means the miiturliils are roiluot'd to u thlu 
sheet, the <£alk to a thoroughly disintegrated etute, and mixed with the clny. Afl.T (bu iiiat>'rli>U 
have thus been crushed and mixed together by mGuns of rotlcrs, they arc moulded into hrli'ha 
to bo burnt in any ordinary manner, no fuil being mixi-d up with tfio maturlals of wbiiJi tllii 
cement ia composed. A oonveniont arrangement Is as follows;— At tlio toii <if Hie maohino la 
a hopper into which is fed chalk and clay, in proper propnrtiona, and in tUo raw aliilu In 
which they ar« obtained. The materials descend from Ihe hopjicr to a pair of horlziaibil ndlont 
fluted longitudinally. Tliese rollera are about 12 in. in diamelor at the point of tlui llulx-, ai>d 
area^piabKl to work at 13 in. apart from centre to centre, and to make nliout loi niv»liill<m« a 
minute. From these rollera the materials descend to a second jwir of fluted rullun I'f alit'ill 
tha same diameter, placed closer togelbor, aay, about llj in. from ci-nlro lo niiilro, and iniililiiK 
about 24 revolutions a minute. From tlieae, the nwti-riaU drop to a pair of ainuotli rullem, alxnil 
1 ft. 3 in. in diiimeter, A '°- apart, and making 3U rtvolutions a minute; from tlivM sgiilii t^i 
another pair of iDllew placed still closer together, lay about A In. al^it. I ft. In. I" cllamolor, 
and driveTat about 58 revolutions per minute. All Iheae rJllors are 8 ft. lonK- Vrvm thii laat 
rollers the materiala drop to another pair placed atill cloaur, «ay iibout J. In. Bl»rl, U (i. » In, In 
diameter, and driven at »till greater aut^aoo speed, or 88 revolutions per ndnute; lliay aw nlui H<t 
at right angles to the other roDers, and are ilL6 In, long. The stream of inabillali d«.Oi.|i.llti|( on |i) 
thcM rollers from the rollera abuve them becomes doubled or galheri'd t^Beliier, and l> liilliiio >dy 
mixed. A very pei!t«t mixing of the materiala may be obtained even If llm laal [mlr of nJIrra 
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are placed in a line with the other rollers, and not at right angles to them. A scraper, is by means 
of a weight or spring, held up to the under side of each of the several rollers to prevent the material 
being carried round with them, and at the ends of the spaces between the several pairs of rollers 
there are end plates which prevent the material from escaping, and compel it to pass downwards 
between the rollers. The several rollers are geared together by toothed wheels at their ends, so that 
they shall revolve together at the required speeds, and are driven by a belt wheel on the axis of 
one of the rollers. The lowest pair of rollers are driven by a separate belt and belt wheel, or ordi- 
nary gearing. The materials having thus been mixed together in the machine, are afterwards 
moulded into bricks or blocks to be burnt. For this purpose the materials are fed by rollers into a 
box, across the bottom of which a series of moulds, formea in a revolving table, are caused to pass in 
succession ; the moulds are filled as they pass below the filling box, and are emptied after passing 
beyond the box. All that is required is that the machine should perform its work quickly, no 
perfect moulding of the bricks being required ; they should be of about the same size, and hold 
together sufficiently to allow of their being stacked in a kiln. 

By this process of making cement the ordinary addition of water to the materials is entirely 
dispensed with, and consequently the tedious and costly procesites of draining and driving off the 
water, which has been so added, are done away with. 

The bricks or blocks as they come from the moulding machinery are, without the inten'ention of 
any drying stove process, at once placed in the chambers of a Hoffman's kiln. 

T. Hyatt takes Portland cement, and mixes with it sulphur, either in the form of flowers of 
sulphur, or as combined with iron as iron pyrites, which imparts to the hydraulic cement a tough- 
ness or power of cohesion when subjected to the combined action of fire and water. 

The sulphur is mixed with the hydraulic cement after the usual manufacturing process is com- 
pleted, or incorporated previous to calcination, but it is found more convenient in practice, when using 
flowers of sulphur to make the addition after the cement is manufactured. If the sulphur is 
employed in the form of pyrites, it is imniaterial at what stage of the manufacture it is added. 

The sulphur is in the proportion of about 1 part by weight of the sulphur to 10 or 12 parts 
by weight of the other dry materials. 

Cement Water-pipes. — To manufacture water-pipes ftom cement, as practised in Germany, equal 
quantities of cement and of hydraulic sand are mixed with the necessary amount of water, and this 
mixture is poured into the pipe moulds, the sa^d being previously washed and well mixed with the 
lime. The interior of the mould is rubbed smooth with dry graphite powder and a linen rag, an 
operation requiring about twenty minutes' labour for each mould. The core is then inserted, the 
cement poured in from the mixing mill, and pressed down with a wooden rammer. For a 4 in. pipe, 
3^ ft. length, 1 cb. ft. or 58 lb. of lime and 1 cb. ft. or 100 lb. of washed sand are used. After the mould 
has been tilled, its screws are tightened, to ensure that the cement is equally compressed throughout. 
The exterior of the pipe is octagonal. The pipes require two to three days to set, but the core may 
be withdrawn after twelve hours. When set, the exterior mould is removed, and the pines are con- 
veyed to the drying room. These pipes are cemented to each other by placing the enos together, 
and surrounding them with a leather mould, into which more lime mixture is poured. With water 
motor power, these pipes can be very economically constructed, at about one-tenth of the coiit of cast- 
iron pipes. But they can only be employed in a non-shifting soil. 

Concrete. — J. Day and W. Lampard mix concrete by the following method. The mixing takes 
place in a box made in four pieces exactly similar, which when bolted together form a box like a 
cross ; this box is entirely open at one end, and is contracted to a round hole at the uther. The 
open end has a circular cover, which is capable of sliding on the shaft. The mixing box is supported 
at one end by a shaft attached to a framework at its open end, and working in a bearing on th« 
inner frame. The other end works on a series of rollers carried by the inner frame, and taking 
two-thirds of the circumference of the mixer, giving it an easy, smooth action. 

One of the trunnions carrying the inner frame is driven at one end, and at the other end bos a 
bevel pinion, which gives motion to a bevel wheel on the mixer, causing the mixer to rotite. The 
other trunnion is fixed at one end to the inner frame, and at the other end is connected to a winch 
handle, so that by turning the winch handle the mixer is inclined to any desired extent. A water 
tank is gupporteu on the inner framing, and has a perforated iron pipe passing from the tank 
through about two- thirds of the length of the box, and there is a valve in the tank for the purpuseof 
admitting water at any desired rate to the box. A hopper is also carried on the inner frame, nnd is 
of a shape to allow the mixer to be fed with material either direct or from a hopper suspended 
from a small davit crane. 

When working the machine the material is plaoed on a stage or platform, measured or weighed 
in the proper proportions, and if the machine be used without the top or swinging hopper, the 
materiiil is shovelled direct into the under hopper whilst the machine n^volves. The water it 
admitted at will, and the machine is allowed to revolve sufficiently long to mix the ooncit;te aooord- 
ing to the quality desired. The mixing box, as the mixing progresses, may also be rocked or oecil- 
lated on the trunnions, to ensure ti.e perfect mixing of the materials. When mixed, the sliding 
door is opened, and the winch handle turned until the mixture is inclined sufficiently to diacharge 
the contents of the box; tlion the door is closed, the mixer is plaoed level, and recharged. The 
whole operation is performed whilst the mixer is in motion, therefore saving Ume. The conciete is 
turned completoly over four times in one revolution of the mixer, and by the oecUlating motion it 
IS agitated still more in the opposite direction. 

♦k ^A F.'^'i?*^ ^^^ ?^^' ^ ^" ^^® ^^^^^ ^^ ^^' *^'® ^«™ of t*»« cross section of this box is shown by 
the dotted Imes ; B is a disc secured to one end of the box, and resting on rollers 0. D ia the 
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the inner frame, and has upon it a toothed wheel into which gears a pinion turned by a crank 
handle. On the axis of the pinion is also a ratchet wheel, which can be locked by a pawl, 
and by this means the inner frame can be set at any anoxic. N is a bevel wheel around the 
exterior of the box, and gearing with a pinion O on a spindle P, which passes through the other 
trunnion, and carries belt wheels for a driving strap. The box or mixer can be revolved con- 
tinuously, without interfering with its being 
tilted to any desired angle to discharge its 
contents, or with its being rocked continu- 
ously on its trunnions whilst the mixing 
is taking place. A lever handle is used for 
shifting the end door D to and fro along 
the shall E. 8 is a hopper, and T a water 
tank, both carried by the inner frame G. 
The hopper S delivers all materials thrown 
into it, into the box or mixer through the 
circular opening at the centre of the end 
disc B. The movable hopper can thus be 
swung out of the way of the fixed hopper 
whenever desired, in the direction shown 
by the dotted line T". W is a pipe leading 
from the tank to the interior of the mixer. 
X is a valve and lever to control the ad- 
mission of water from the tank to the 
mixer. 

J. 8. Wethered, New York, employs a 
process by which a concrete mixture, c^»m- . • i j i i* • 

poeed wholly or partially of furnace slag, limestone, or other calcareous material and asphalt, is 
prepared. ,. , , 

An excellent concrete is said to be made of 80 parts of furnace slag or limestone, crushed or granu- 
lated, and 20 parts of asphalt tempered with mineral oil. The proportion of the oil to the asphalt 
will depend upon the richness of the Utter, but in general should be from 8 to 10 per cent. In order 
that the furnace slag, limestone, or other calcareous matter, and asphalt may combine completely, and 
the asphalt be absorbed to the fullest extent practicable, it is necessary to heat the calciireous niatter 
to a high degree after it has been crushed or granulated, and before it is mixed with the heated 
asphalte. The degree of heat should be more than enough to merely effect the drying of the 
material. It should be sufficient, not only to drive off all the moisture and carbonic acid which 
the material contains, but to open the pores, and so expand the material as to eiwble the heated 
asphalte to readily permeate the substance, and become thoroughly incorporated with it. But the 
degree of heat must be within that sufficient to calcine limestone. For heatiug the calcareous 
matter, an oven or furnace for roasting ores may be employed. ,.,, , ^ja* --j 

After the calcareous material has been heated, it is. while m its highly heated state, mixed 
with the heated asphalt and other ingredients. A horizontal cylinder of iron mounted m bearings, 
and made to revolve around a shaft with radially projecting arms for mixing the mass, furnishes 
a simple and effective apparatus for the purpose, and it is advantageous to apply heat to the revolving 
cylinder while the process of mixing the material is going on. The concrete, so prepared, is in 
a proper condition to be spread as a side-walk pavement, and rolled smooth. 

For paving road beds, it is necessary that prepared concrete material should be condensed 
under heavy pressure, while in a mould, into the form of blocks. This operation should be per- 
formed while the concrete is still hot, as the block is rendered more homogeneous, and the pa'tjcles 
composing it more thoroughly compacted. When, however, the block in a highly Ideated oondition is 
expeUed from the mould by the discharging plunger of the compressing machine, it o^^n happens 
thit it will cnimble, and t6 avoid this, time must l>e allowed for ttie mass to ^™®,^t ^fSw^f 
removed. This delay interferes with the economy of the manufacture, and is avoided by su^ecting 
the heated block, after it has been moulded and compressed, to the J^;ll\"f, ^^^^ °[„^J.^^^ 
appUed to its surface. This treatment is best performed at the instant that the block ^^aiwd on t 
of the mould, orassoon as possible after it has been deposited upon the endless ^P'^"^^'. ^"^^^^^^^ 
removing it from the machine. The effect of this chiUing process "» ^ hardenthe exterior^s^^^ 
of the moulded block, so that it will preserve its form an^ integrity ^unn^sulwequent ba^^^^ 

These compressed blocks are not only available for pavine road ^ecK but possew 
artificial material for the construction of submarine or exposea sea ^^'W^'^/^^^^?*^^^^^^^ 
poses. Experiments have shown that compressed blocks of this character can be used for the walls 
of fort;ificatioiis with great advantage in comparison with natiwal atone. 

T. 8. Bale has pro^ to lessen the danger of asphalt raidways to Worses by '^ ^^^ ^»^^^^ 

r unite, or boulders, or very hard fired clay; to make roadways and *J*°^;^«yr^*^f^^*^^^ 
in. square, of cla/and its compounds pressed and fired extremely hcurd, and used alternately with 

asplialt, cement, and wood, cork, or indiarubber. , Annwia asnhalt. noon 

For ornamental work, a foundation U made in the usual way wi^ ashes «^ ^^f^P^J?'.?^^ 
which aX^coating is kid an inch or more thick, which serves the purpose of a g^"^^^^^^ 
up the other colounT Upon this is put a frame or mould of thin ^^«*^^S .^^i^^^ £^^^^ 
after being filled with euZgh of the required colour itis hfted f ' ^^J^^^^^^^^ 
Another plan is for more elaborate patterns, which a^ "»J«^ ^P^°j^ *^«^«^;^ is uSed the super- 
convenient size, and then fixed in place on the walk or bmlding. When cemeni is useu ^ 

fluomi part is cleaned off at proper time to l«tve *^« ^°»,^^^^^ u^e, alum, and white copperas 

Bale forms rink and other floors with plaster of raris mixea wiwi uiuc, « ., 
to a paste, and made smooth and allowed to set, ^ 2 
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T. Hyatt mannfacturea blocks and slabs from Portland cement, mixed with stone chippings, 
hardened by being allowed to remain for long periods soaking in water. Portland and other stones 
are imitated by the admixture of Keene cement with Portland cement. This mixture can be 
moulded by hydraulic pressure upon metal cores, for useful and ornamental purposes in building. 
Hyatt also combines fireclays with Portland cement in the construction of floors and roofs. White 
clay of Hanover, or other infusorial siliceous material is combined with Portland or other binding 
cement in moulded forms, and in making floors or roofs is fiMtened to the surface of solid wood bj 
mushroom-headed nails. 

A. C. Ponton applies sulphur to the production of an artificial stone from sand, loam, clay, 
gravel, with or without the addition of Portland cement 

The proportions are calculated by the amount of the interstices which the finer materials fill when 
mechanically mixed with the coarser. Moulds are filled with the materials, using compression, 
either by ramming, tamping, or rolling. Tbe moulds are preferably porous, and are constructed of 
plaster of Paris, wood, papier mach^ or cement. If it is wished to indurate rapidly, the filled 
moulds are packed inside an air-tight receiver, and the receiver and contents heated up to about 
240° Fahr., thus removing the water contained in the material. The receiver is then submerged 
in molten sulphur. 

When the materials have become saturated with sulphur the receiver is withdrawn, and the 
BUperfiuous sulphur allowed to drain into the tank containing the molten sulphur. Where speed 
of induration is not required, the filled moulds are merely soaked in molten sulpliur, and withdrawn 
from the tank containing the sulphur when sufficient saturation of sulphur is obtained. 

In those cases where steam under pressure is available, it is preferable to steam jacket the tank 
for the supply of heat. A float and index is used to ascertain when the articles are saturated 
with sulphur, the float assuming a state of rest when the saturation is completed. 

In those sbuctural cases where it is necessary to resist the action of fire, Portland cement, or 
loam or clay, are used to bind the particles together. 

The Strength of Cement and Concrete. — ^As the result of experiment as to the breaking weight of 
Portland cement weighing 112 lb. to the bushel, gauged neat, and also with different proportions 
of Thames, clean pit, and loamy sands, T. Orant, in a paper read before the Institute C.E., gives the 
following. When gauged neat the cement bore ; — 



1 week . 
1 month 
8 months 



lb. a sq. in. 




445-0 


6 months 


679-9 


9 „ 


877-9 


12 .. 



lb. a iq In. 
978-7 
995-9 
1075-7 



Thus in three months the cement bore about double the strain it did at the end of a week, and 
at the end of twelve months, 241 * 70 per cent. The foU owing are the breaking weights of the same 
cement mixed with clean, sharp, Thames sand, in proportions varying from 1 to 1, to 1 to 5. 

When mixed with an equal proportion of sand, the breaking weights are at ; — 



Pier cent of the strength 
ofneatOmeot 

21-8 



lb. 

1 week 97-0 

1 month 309*3 = 44-5 

3 months 367-0 = 41*8 

6 „ 546-8 = 55-9 

9 „ 607-8 = 61-3 

12 „ 700*3 = 651 

When mixed with twice the proportion of sand, the breaking weights are at ; — 

Per cent of the strength 
lb. of neat OemenL 

1 week 62-5 = 11*80 

1 month 123-5 = 18*16 

8 months 254*5 = 29*00 

6 H 4251 = 43-46 

9 „ 431-5 =r 43-33 

12 468-5 = 42*62 

When mixed in the proportion of 1 of cement to 3 of sand, the breaking weights are at ; — 



1 week 27*0 

1 month 580 

3 months 135-5 

,S « 232 4 

12 „ 320-6 



Per cent, of the atreDgth 
of neat CemenL 

= 607 

8*53 

= 15*43 

= 23-74 



29*90 
When mixed in the proportion of 1 of cement to 4 of sand, the breaking weights are at ;— 



lb. 



1 month .. ,, 32-5 

8 months 109*0 



Ih. 

6 months 157*0 

12 „ 221*6 



When mUed in the proportion of 1 of cement to 5 of sand, the breaking weights are at .— 



lb. 



1™<>^*J 210 

o months ^ 88-5 



6 months 
12 



»♦ 



lb. 

95*5 
122*3 
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With similar proportions of clean pit sand taken from the ezcaYations, the strength is, in eTery 
case, mnoh greater than in the oases aeacribed, where Thames sand was nsed. It will be neroeiTed 
that the strength rapidly gains in proportion apon that of the neat cement Thus, in the nrst case, 
that which was only 21 * 8 per cent, at the end of a week, and 45*5 per cent at the end of a month, 
at the end of the year has mcreased to 65* 1 per cent of the strength of neat cement With clean 
pit sand the corresponding tests of 1 to 1 show that the gain is much greater, increasing from 
S4 *2 per cent at tbe end of a week, to 74*0 per cent at the end of a year. Again, if the breaking 
weights at twelve months, for the proportions of cement to sand of 1 to 2, 1 to 3, and 1 to 4, are 
multiplied by 2, 3, and 4 respectively, on the average it will be fonnd that the normal strength of 
the neat cement (1075*7 lb.) is, as nearly as possible, diluted in proportion to the quantity of sand, 
the average numbers being 1066*1 lb., 1103*4 lb., and 1044*8 lb. This, however, does not hold 
good with the proportion of 5 of sand to 1 of cement, except where the sand is purest ; the strength 
at the end of twelve months, multiplied as before by 5. being 611 * 5 for Thames sand, 1078 for clean 
pit sand, and 831 for loamy pit sand, against 1075*7. the normal strength of the neat cement 

The foregoing experiments, extending only to twelve months, still left some interesting points 
unsettled ; as, for instance, the age at which cement, whether neat or mixed with sand, ceases to 
increase in strength ; the age at which the several compounds of cement and sand approach 
nearest to the normal strength of neat cement <v, in other words, obtain their maximum strength ; 
also, the most economical proportion of cement and sand, with an assumed minimum strength. 
The last point has been approximately ascertained, as it has been shown that with sand in the 
proportion of 2, 3, and 4 to 1 of cement, the sand simply acts as a diluting agent ; but with sand in 
the proportion of 5 to 1 of cement, any imperfection in the sand materially affects the strength of 
the compound. It is only with clean pit sand that the full strength of the cement is obtained ; tho 
strength, 215*6, multiplied by 5, gives 1078 lb. against 1075*7 lb., the strength of (he neat cement 

With the view of ascertaining, if possible, the age at which cement mixed neat and with sand 
attains its greatest strength, another series of experiments was commenced. The cement in this 
case weighed 123 lb. per imperial bushel. The breaking weights of the neat cement are at: — 



1 week 
1 month 
3 moilths 
6 



>> 



lb. 

817*1 

935-8 

1055*9 

1176-6 



lb. 

1219*5 

, 1229-7 

2 years 1324*9 

3 „ 1314-4 



9 months 
12 



The same cement when mixed with an equal proportion of Thames sand broke at the following 
weights ; — 



lb. 

1 week 353*2 

1 month 452*5 

3 months 547*5 

6 „ 640*3 

9 „ 692*4 

12 , 716-6 

2 years 790*3 

3 „ 784*7 



Per cent of neat 
Oement. 
40*78 
48*35 
51 85 
54*42 
56*77 
58-27 
59-65 
69*70 



The proportionate strength of cement and sand thus increases between three months and twelve 
months, at the rate of 2 per cent every three months, but in the course of the second year only 
1 -SS per cent per annum. In the third year there is no increase. 

With cement gauged neat and kept for periods varying from seven days to twelve months, 
first in water, secondly, out of water, in-doors, and thirdly, out of water, exposed to the action of 
the weather, at the end of twelve months the results are respectively as 1099, 827*4, and 719*6; 
that is, the cement which was kept out of water, in-doors, attained only 75*29 per cent of the 
strength of that wliich was kept in water ; while that which was out of water, and exposed out of 
doors, acquired only 65*48 per cent. There are considerable variations in the apparent strength 
at different ages, but the averages may be taken as 100, 80*64, and 76 -8. Cement allowed to set 
under water seems, from these experiments, to gain strength from 24 per cent to 30 per cent 

As to the relative strength of cement gauged with fresh water and with salt water, at various 
ages, from a week to five months, the difference, though not very material, is in favour of salt 
water. Therefore in the case of harbours, docks, and piers, where the water is either salt or 
brackish, there need be no hesitation in using salt water, either in making Portland oement concrete 
or in building. The be»t Roman cement is very inferior to Portland, especially when mixed with 

As to the strength of Keene's cement and Parian cement, in water and out of water, for periods 
varying from seven days to three months ; at three months the strength of Keene s cement in water 
is 508-8 lb. ; out of water, 720*5 lb.; or 41 per cent more; Parian cement in water, 521 lb. ; 
outof water, 853-7 IK; or 64 per cent more. , . . ... • -« 

With Medina cement at various periods, from seven days to two years, the J^cre^M is from 
211 lb. at seven days, to 476-9 lb. in twelve months, and 276 lb. in two years. There U a great 

falling off in the second year. , .. * i 

These three cements have only been used for internal arohitectural purpows. 
The following table gives the number of tons reouired to cnish bricks ma<ie of Portland oement 
neat and with five different proportions of sand at thn e, six, and at nine montlis, at which different 
periods the strength of the neat cement bricks was 65 tons, 92 tons, and 102 tons respectively, or 
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more than that of Staffordshire blue bricks. Bricks made of a mixture of sand with cement, in the 
proportions of 4 to 1 and 5 to 1, stand a pressure equal to the best stock bricks. 

COMPBESSIOM or POBTLAND CeMENT BbICES. 

Size 9 X 4*25 x 2*75 = 105*18 cubic in. ; area exposed to Pressure 9 x 4*25 = 38*25 sq. in. 



DescriptioD of Bricks. 



Neat Portland Cement .. 
1 Portland Cement to 1 Pit Sand 
i» 2 „ 

>» * »» 

5 

(Made 3 Months.) 
Neat Portland Cement 
1 Portland Cement to 1 Sand .. 

»» 2 „ ,. 

»» 3 „ .. 

»♦ * » • • 

I) 5 „ .. 

(Made 6 Months.) 
Neat Portland Cement .. 
1 Portland Cement to 1 Pit Sand 

i» 2 „ 

»> ** »» 

4 

5 
(Made 9 Months.) 



Ayrvngt Pressiire 

In Tons when 

Specimen first 

showed dgns of 

glv^lng. 



Average Pi'cssure 

In Tons when 

S^Mdmen finally 

GroBbed. 



42 
29 
25 
19 
20 
10- 

58" 
32 
24 
19" 
lo- 
ll- 

37- 
64- 
51- 
33- 
25- 
19 



00 
24 
50 
99 
62 
29 

35 
82 
80 
42 
13 
91 

•00 
•40 
•13 
•25 
•38 
•40 



64*81 
42 53 
3422 
24*52 
22^73 
16*37 

92-01 
59*39 
4700 
36-81 
30 68 
26*29 

102*19 
77*88 
62*28 
40-87 
37*71 
2866 



Daring six years the average strength of 1^69,210 bushels of Portland cement used in the 
Southern Main Drainage Works was 606*8 lb., being 52 percent, above the standard first specified, 
and 21 per cent, above that subsequently adopted. The avenige weight a bushel was 114*15 lb., 
being 4 * 15 per cent, above the specified standard. Portland cement has been proved to be pecu- 
liarly suitable for hydraulic works, and may be procured in any quantity, and of the highest quality. 
Portland cement, if it be preserved from muisture, does not, like Roman cement, lose its strength by 
being kept in casks or sacks, but rather improves by age ; a g^eat advantage in the cas>e of cement 
which has to be exported. The longer it is in setting, the more its strength increases. Neat 
cement is stronger than any admixture of it with sand. Cement mixed with an equal quantity of 
sand, may be saiil to be, at the end of the year, approximately three-fourths of the strength of 
neat cement. Mixed with 2 parts of sand it is half the strength of neat cement. With 
3 parts of sand the strength is a third of neat cement. With 4 parts of sand the strength is a 
fourth of neut cement. With 5 parts of sand the strength is about a sixth of nr^at cement. The 
cleaner and sharper the sand, the greater the strength. Very strong Portland cement is heavy, of a 
blue-grey colour, and sets slowly. Qulck-settiug cement has generally too large a proportion of clay 
in its cumposition, is brownish in colour, and turns out weak, if not useless. Tiie stiffer the cement 
mortar, that is, the less the amount of water used in working it up, the better. It is of the greatest 
importance that the bricks or stone with which Portland cement is used should be thoroughly 
soaked with water. If under water in a quiescent state, the cement will be stronger than out of 
water. £xporiinent has shown that cement kept in water was one-third stronger than that kept 
out. Blocks of brickwork or concrete made with Portland cement, it kept under water till required 
for use, would be much stronger than if kept dry. Salt water is as safe fur mixing with Portland 
cement as fresh water. Bricks made with neat Portland cement are as strong at from six months 
to nine months as the best quality of Staffordshire blue bricks, or similar blocks of Bramley 
Full stone or Yorkshire landings. Bricks maile of 4 or 5 parts of sand to 1 part of Portland 
cement will bear a pressure equal to the best picked stocks. Portland cement concrete, made in 
the proportions of 1 of cement to 8 of ballast, in some cases, and of 1 to 6 in others, has been exten- 
sively used for the foundations of river walls, piers of reservoirs, and foundations generally, with the 
most ])erfect success ; and it might be much more extensively nsed as a substitute for brickwork or 
masonry wherever skilled labour, stone, or bricks are scarce, and foundations are wanted at the 
least expenditure of time or money. 

Wherever concrete is used under water, care must be taken that the water is still ; as otherwiM 
a current, whether natural or caused by pumping, will carry away the cement and leave only the 
clean ballast. Koman cement, though about two-thirds the cost of Portland, is only about one-third 
its stren^:th, and is therefore double the cost, measured by strength. Boman cement is very ill 
adantf^l tor mixing with sand. 

w hilst Portland cement is the best that can be used by the engineer, it should not be nsed by 
anyone who is not prepared to take the trouble or incur the trifling expense of testing it; because 
if manufactured with improper proportions of its constituents, or improperly burnt, it may do 
more nuschiut than the poorest lime. 
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QcAjmrm med in makUtg Briekvork BIocIeb, in Compo composed of Portlnnd Cemeiit and River 
Sand in eqaai profMrtiaiM, eadi Block being 3ft cnbe = 1 cubic jard. Febrauy* 1865. Nomber 
of BrickB m each Bkxk. 38i. 



2Vo. 1 Block. 
' Ocolt Bricks vllb FVop. 

Avenge. 8* 7S X 4*1 
I XS'TS=9a-f6C2. 



' Na 1 Block. 

I OMlt Brtcki» Wire Oit. 
no FrogsL^ 
ATcrace Slic, 9*M 
X4*UX3*» = 106-8. 



No^SBkick. 
SumI Slocks. 
ATersge ${», •••s 
I X4*Uxa-T0=lM'Tftt9. 



Cement weighing 112 lb. 
aboahel 

Sand 

Bricks 

Totals .. 



) 



3-615 

3-615 
17090 



I 



cvb. ft. 

4-6106 

4-6406 
21-9236 



Imsb. 
3-29 

3-29 

17-98 



cobift. 

4-2187 

4-2187 
23-0786 



baab. 
3*29 

3-29 

18-29 



24-320 I 31-2048 



24-56 31-5160 . 2487 

I I 



CVbkft. 

4-21»7 

4-2187 
23-47S0 

31-9154 



The following table shows two series of experiments as to the quantities of Portland cement, 
■and, and water used in making one cubic yard of compo, or cement mortar. 



FiBST Smm. 

P.C. 8tad. Bushels. 

Cement 12} 

Sand m 



1 to 1 



l56GalloDSof Water. 



Cement .. 
Sand 



1 to 2 



24* 



8i 
16| 

21} 



SiooMD Biros. 

Bushels. 

Cement 13 

Sand .. 13 

26 

48 Gallons of Water. 

, Cement 8| 

' Sand 17 



44 Gallons of Water. 



36 Gallons of Water. 



Cement 6| 

Sand 19| 



1 to 3 < 



26 



1 to 4 



1 to 5 { 



46 Gallons of Water. 

Cement 5} 

Sand 21 

26i 

[47 Gallons of Water. 

Cement 4} 

Sand 21} 



Cement 
Sand 



25] 



51 Gallons of Water. 



28| Gallons of Water. 

Cement 

Sand 



25} 

4 

25 



5 

20 

25 



38 Gallons of Water. 



Cement 4j[ 

Sand 20| 



24} 



34 Gallons of Water. 



As a rule the strength of Portland cement increases with its speoiflo gravity. 
In the discussion on this paper, B. Bawlinson remarked that thori) was one apiUication of 
Portland cement not generally known, its use, when of good quality, under water, by the aid tif a 
diver. He had used it to make a joint between iron and iron, under a 90-ft. head of water, with 
perfect success, to keep out a quicksand. He bad occasion to sink a woU whore thero was a uuiok« 
sand at the dep^ of 90 ft., overlaid by a thick bed of marl, and underlaid by now rtnl sanilstoue 
rock. The ordinary iron cement, of iron borings and sal-ammoniac, would not set, but wssitod out. 
He sent down pure, stiffly -made Portland cement in buckets ; this was put in pluoo by divers, and 
set perfectly, and remained for three or four years, though exposed to a severe stmin by the oonstart 
pumping. All the mortar used at the Liverpool Docks was made with sea s.iud, and mixed with 

salt water. 

G. F. White stated that the engineers of the Ponts et Cliaussdes, In 1850, had propostnl and 
applied numerous tests, which had not been materially varied to the pri^aont day, and which, for 
the sake of comparison with the Board of Works tests, might be given as follows : — 
Specific weight, 1200 kilogrammes a mbtre cube, or 103 lb. an imperial bushel. 
Tensile stmin, tried on bricks with the same sectional area as employed by the Board of Works, 
viz. 2-25 square inches ; 

Neat cement 2 days 64 kilogrammes, or 140 lb. a briok. 

„ 6 „ 128 „ 280 

30 „ 240 „ 680 
Cement 1 part) .. .. 5 „ 64 „ 140 
Sand 2 parts / .. ..30 „ 128 „ 280 



n 
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The Board of Works tests were of a threefold character. The cement mmt be of a given specifie 
weight. When gauged neat, it must have a certain resistance to tensile strain. It must bear 
immersion in water, withont sign of cracking. The temdle stntin, at first fixed at 400 lb., had 
been raised to 500 lb., and the specific weight, fixed originally at 110 lb., had been raised to 112 lb. 
a bushel. It was to this test of 1 12 lb. a bushel, which indicated a yery heayily burnt cement, that 
White desired to direct some attention, as pressing severely on the manufacturers without, aa he 
believed, conferring any corresponding benefit on the engineer. The way in which it affected the 
manufacturers was as follows ; — The less the concentration given to the cement by burning, the 
greater was tiie volume of cement that could be obtained from a given quantity of raw materisi. If 
a certain quantity of chalk and clay, calcined to the specific gravity of 104 lb. a bushel, produced 
21^ bushels of cement to the ton, the same quantitv of raw material, burnt to weigh 112 Ibw a 
bushel, would produce only 20 bushels to the ton, and occasion the manufacturer a loos in volume 
of 7^ per cent. Cement of so high a specific gravity as 112 lb , involved a much larger oonaump- 
ti tn of the fuel employed in burning it, an item which, under tiie most favourable circumstaDces, 
counted for nearly one-third of the prime cost of the cement Tlie destruction of kilns, and of the 
machinery employed in grinding the cement, was enormously increased by the intensity of the heat 
required to produce it, and by the hardness of the material to be ground. The quantity of this 
highly calcined and heavy cement, that could be produced in any one kiln, bore only a certain 
proportion to a residue, which was not sufficiently burnt to produce cement weighing 112 lb., but 
which could be employed advantageously in the manufacture of cement that was intended to set 
more quickly, and to weigh only 104 lb. a bushel. Looking at the question as it affected 
engineers, this heavily burnt cement was a dangerous cement to use. It was well known to 
manufacturers that to be able to push the calcination far enough to produce a cement of a uniform 
gravity of 112 lb., it was needful to combine more lime with the clay than was required for lighter 
burnt cement ; and that, in so doing, there was the risk that a perfect amalgamation of the lime 
and clay would not be effected ; but some of the lime, being left in a free state, would be liable to 
be slaked by water, or even by the moisture of tiie atmosphere, and produce, sooner or later, disin- 
tegration. The next consideration was the slowness of the setting of this heavily burnt cement. 
It would not set in running water. Portland cement of English manufacture had been suceeBsfdUy 
employed for concrete en masse^ in constructing underwater foundationa It was quite intelligible 
that, though the cement of 112 lb. would set too slowly for this purpose, a lighter bamt cement 
would effect the desired object. To lose sight of this, and to insist that all cement, whatever its 
destined use, should be thus concentrated in burning, would be simply to deprive it of one of ita 
most valuable properties — that of setting rapidly under water. Another inconvenience to which 
this heavily burnt cement expose i the engineer, was the almost certainty that it would not be 
properly ground. Theoretically, the cement should be an impalpable powder, and every grain of 
sand a matrix, round which the cement sliould form a film, or coating ; but this could scarcely be 
the case with a material which it was so difficult to reduce to powder. On the contrary, if carefully 
scrutinized bypassing it through a ^ieveor by washing it, aconsiderable residue of particles resembling 
sand would be fuund, comparatively inert in their character, with very feeble setting properties, and 
of a nature to diminish the amount of real sand which the cement would otherwise carry. Another 
objection was the loss of volume which would be sustained by the engineer, eqiially with the manu- 
facturer, if he were to become the buyer of cement by the ton, instead of having it furnished thrt>ugh 
the contractor. French engineers reflated this question by procuring a cement of sufficient density 
to pass their tests, while stipulating that it should not exceeid that weight, so aa to produce a need- 
leas loss in volume, llie test of specific weight was too variable to be relied on, if unaccompanied 
with other conditions. 

In a second paper on this subject, J. Grant gives the strength of neat Portland cement as mixed 
by hand, and as ground in a mortar mill for 30 minutes. At the end of a month that which was 
ground in a mill had less than three-fourths the strength of that which was mixed by hand. The 
maximum strength of that mixed by hand seems to have been attained at fiye months, and thai 
ground in a mortar mill at one month, the greatest strength of the former being uearly double that 
of the latter. The strength of that whicli was mixed by hand was maintain^, while that which 
was ground in a mortar mill declined, from the maximum in each case to the end of the experiments. 
This result was probably due partly to crystallizaticn, or the setting, having been interrupted by 
continued agitation, and partly to the destruction by attrition of the angular form of the particles. 

As to tho tensile strain required to separate bricks cemented tog;ether with Portland cement 
and lime mortars, experiments would require to be greatly extended before any very trustworthy 
deductions could be made. Pressed gault bricks show the lowest amount of adhesiveneBs, partly 
because of their smooth surface, and partly becauso in making them some oily matter is used for 
lubricating the dies of the press through which they are passed before being burnt. In the caae of 
perforated gault bricks the cement mortar seems to act as dowels, and the results are consequently 
high. Suflblk and tlie Fareham red bricks, which each absorb about a pound of water per brick« 
adhere much better than Staffordshire, which are not absorbent. This shows the importance of 
thoroughly soaking bricks which are to be put together with cement, as dry bricks deprive the 
Cement mortar of tho moii^ture which is necesairy for its setting. 

The strength of Portland cement bricks tested by crushing, appears to increase the denser the 
brick. When the cement is in proportion to the sand \c^ than I to 2, or 1 to 3, tho-e dried iu air 
bear a greater pressure than those kept for twelve months in water. This would lead to the 
inference, that when the quantity of cement is small, bricks or blocks of ooncrete should be kept 
some time out of water, and be allowed to harden before being used. 

Contrasting the 8trens:th of these concrete bricks with the different clay bricks, it will be seen 
that, down to the proiwrtion of 5 to 1, the former compare favourably. Bricks made of neat cement 
bore a preiwuro equal to that of Staffordshire blue bricks or of best Fareham red bricks. Cement 
bricks maile in proportions of from 2 to 1 of cement, to 5 to 1, are eqoal to picked clay brioka. If 
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ocmcrete bricks were more oompressed their strength would be greatly inoreased. Concrete blocks 
made with the largest proportion of cement to ballast are the strongest, the strength being nearly in 
proportion to the qoantity of cement ; it is desirable to spend no more time than is absolutely 
necessary to effect a thorough admixture of the cement with the sand and gravel. Compressed 
blocks are apparently stronger than the uncompressed blocks in a larger proportion than their 
difference in density. 

Concrete made of broken stone or broken pottery is much stronger than that made of gravel. 
This is no doubt due partly to the greater proportion of cement absorbed in Ihe latter case in 
cementing the finer particles of sand, and partly to the want of angularity in the gravel. Com- 
pression, and an increase in the proportion of cement, alike increase strength. In making concrete 
bricks or blocks of moderate size compression might be applied with advantage ; but with large 
masses of concrete it would be difficult to do so, without running the risk of interrupting the process 
of crystallization or setting, which commences immediately on the application of moisture. The 
cost of labour so applied would therefore be better employed in a larger admixture of cement. For 
the same reason that absorbent bricks shonld bo thoroughly soaked with water before being used, 
the broken stones, bricks, or other materials used in mamng concrete should be saturated with 
water before the cement is applied. 

Lieut-Colonel Boott remarked in the discussion on the second paper, that Grant had brought up 
the strength of Portland cement to a high standard. Those in the habit of using large quantities 
of Portland cement were aware that at times it expanded to an extraordinary degree. This was 
due generally to too large a quantity of chalk having been used in its preparation. With a large 
proportion of clay there was greater safety, though somewhat less strength. As to cement mortar 
when beaten up afresh, Ihough first losing strength, afterwards becoming stronger again, it might 
be explained by assuming that the cement might have contained some particles which had an 
expansive tendency. In using lias lime, unless it was ground to a fine powder, and the slaking 
allowed to go on some time before use, the work was apt to get distorted, because those particles 
which were unoombined with water expanded in the work when hydration took place, and burst it. 
There waa continued expansion of some of the lime particles through daking, till the material was 
brought wholly into the state of hydrated silicate of lime, when it again gained in strength by the 
quiet and gradual rearrangement of the particles, such as occurred with hydraulic limes, without 
any disturbing element. There was a new mode of using lime, which had been adopted in the 
buildings at Si&uth Kensington. If in the ordinary slaking of lime just sufficient water was added 
to bring it to a dry impalpable powder, this powder would have a bulk sometimes much greater tlian 
that of the original lime, and if made into paste would, when it dried, exhibit a considerable degree 
of porosity. It could be imagined that if the lime, instead of being slaked, were ground to powder 
and induced to set as cement with its original density, much greater strength would be attained 
in the solidified mortar. In the use of lime the combination with water took place first, and then 
subsequently the solidifying action went on. If it was hydraulic lime, a silicating process was set 
up afber slsdcing, and a fresh arrangement of particles took place. In the case of cements the 
slaking and the setting went on simultaneously, and the water entered at once into combination 
with the cement to form a stone-like subbtance. If by any means lime could be induced to combine 
with the water slowly, so as not to hurst with the heat, a much better result would follow than 
from the ordinary way of using it This, in fact, was what had been accomplished by the present 
mode of making mortar, and the general method of procedure was as follows, the lime used at 
Kensington being ordinary grey lime finely ground. First 5 per cent, of plaster of Paris, as 
compared with the quantity of lime to be used, was mixed in a bucket of water, making a milk of 
sulphate of lime. This was thrown into the pan of a mortar mill, and the ground lime added 
gradually ; instead of the lime slaking as it would when treated with water only, it showed 
no symptoms of slaking, and was brought to a thin paste without any sensible increose of tempera- 
ture. When that was done, sand was added, and for most purposes as much as 6 parts of sand to 
1 of lime. In thin brickwork greater strength was obtained with grey lime treated in this way, 
with 6 parts of sand, than with Portland cement with 4 parts of sand. TIte same results would 
not follow the use of grey lime in very damp situations or under water; in such situations another 
set of phenomena came into play. The process described would not give setting property under 
water if the lime did not possess it before. It might be thought that the watter-setting property 
was destroyed by the plaster of Paris, which was itself soluble, but that was not the case. The 
quantity of plaster of Paris did not exceed 0*75 per cent, of the mortar; and in three or four weeks 
crystallized out in the pinhole cavities in it, where it showed itself in crystalline plates. In pro- 
portion as the percentage of clay in the lime employed increased, so was the mortar more suitable to 
be used under water. 

With a view of adding to the existing knowledge on this subject, C. Colson has recorded 
the details of the tests made by him during the execution of the works of the Portsmouth 
Dockyard Extension, the results being communicated to tlie Institute of Civil Engineers. The 
specitication provided that the cement should be of the best quality, ground extremely fine, and 
should weigh not less than 1121b. to the imperial striked bushel, as poured from a sack into the 
measure. The cement was to bear a tensile strain of 450 lb. on 2* sq. in. without breaking, at the 
end of seven days* immersion in water. It was also provided that samples for testing should bo 
taken from every tenth bag, if required. It was not however, deemed necessary to proceed to the 
extreme limits stipulated for in the specification ; but on the arrival of each cargo, sufficient 
cement was taken to make seven briquettes, four of which were placed in water as soon as they 
were sufficiently set to admit of their being removed from the moulds, the remainder being kept 
dry. At the expiration of seven days three of the wet briquettes and the three dry ones were 
tested in the machine, the remaining wet one being reserved. With regard to the method for 
weighing the cement it was found, after repeated trials, that a uniform result cjuld not bo 
attained by .simply pouring the cement out of the bag, as it was impossible to maintain a uniform 
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rate of delivery. If the cement was allowed to fall from the bag too quickly, the meaanre became 
filled with a mass of cement of tlie same density as when in the bag, in which it had become 
consolidated by being shaken and moved about. To obviate this difficulty, and to equalue the 
density in the measure as much as possible, an ordinary hopper stool was adopted. This waa 
about 2 ft. 6 in, high, with a shoot fixed on the top ; the lower end or neck was contracted to 7 in. 
bv 2 in to prevent the cement from falling into the measure in heavy masses, m case it should 
escape from the bag too quickly. The measure, heaped up, was allowed to stand for a few 
minutes in order that the cement might settle. When no further subsidence was observed the 
surplus was struck off the top, and the rest weighed. By this method a uniform density was 

The average weight per bushel after screening off the coarse cement waa 106 lb., agaiiui 
115 lb before screening, as delivered on the works. These results show that the cement, as 
received from the manufacturer, is affected to the extent of between J and | of the gross weight, 
or about 21^ per cent, by coarse grinding. ^ ^ ^ ^ ^ ^, . . , . u au i. -j 

Undoubtedly the fairest way would be to test cement at thirty days, inasmuch as the faaider 
burnt varieties, requiring a longer time to set, are placed at a considerable disadvantage compared 
with the quicker setting cements when tested at the end of seven days. They do not show such 
Kood results as would be the case if a longer time were allowed. , , . 

Not only does the demand for high tensile strength at seven days practicaUy exclude firom 
competition all the harder burnt, slower setting, though ultimately stoongw cwnents, but it hiw the 
effect of forcing the quicker setting cements to such a degree, that the risk of the presence of free 
lime, and consequently the danger of expansion, is augmented. Much can be said on the otlier 
hand in support of immediate strength, which in some cases is necessary. . . 

For mortar or concrete destined for buUding construction, it is undoubtedly mjunous to employ 
other than fresh water, on account of the deliquescence of the salts contained in the sea-watei; 
particularly during humid weather; but m coast or harbour works there appears to be no valid 

^ ^ The'oonditions* of manufacture affecting the tensile strength and rate of setting of Portland 
cement may be divided under four heads. The proportions of chalk and clay; the degree of calci- 
nation ; the degree of fineness ; the age of the cement. * ^ _ j 
It is impossible to establish any fixed proportion for the elialk and day, as it must depend 
entirelv uponthe quality of each considered separately. Grey chalk, containing a large per- 
centage of clay, would require less of the latter to be added; whUst white, or upper chalk, being 
almost pure lime, would require more clay. The clay, if obtained from the beds of nvers flowing 
throueh a chalk district, may contain lime, which would necessitate a reduction in the qnanUty of 
chalk to be added in the manufacture of the cement. The constituents of these ingredients csn oolj 
be ascertained by analysis, careful tests, and observations; the knowledge thus obtained forming 
the basis of the proportions of chalk and clay to be adopted in the manutacture of Portland cement 
in each particular locality. It may be stated in general i^rms, that where a high tensile strength 
is demanded, a greater proportion of chalk must be employed. This, if properly burnt, will pro- 
duce a slow-setting, but eventually a very strong cement There are, however, reasons why, in general 
practice a high proportion of chalk should be avoided ; the principal one being the great danger ^ 
an excesd of &at ingredient to produce free lime, which would cause the cement to sweU wid crack, 
and eventually fall to pieces. Cement with a high proportion of chalk has not the same hydranho 
properties as cement with a less pereentage of chalk, a fuU proportion of clay being neceasaiy to 
ensure these. On the other hand, an excess of clay will give a quick-setting, but, at the same time, 
a very weak cement, with a muddy appearance and yellow colour. ,^ , ^. ^ 

As regards the proportions affecting the rate of setting, it appears that a high proportion of 
chalk not in excess, will cause this action in the cement to be slow, whilst an excess of chalk, pro- 
ducing free lime, will evolve considerable heat on being gauged, causing the cement, apparently^ 
set much more quickly ; but when in this condition there is the greatest danger of its flymg. The 
addition of clay increases the rate of setting, and especially when present in excess. Afterwards it 
will harden very gradually, and that only to a limited degree. •, j . 

With reference to the degree of calcination, the quality of the cement depends, to a great 
extent, upon the perfection to which the operation of burning is carried. CJare is required iQ 
putting into the kiln the proper proportions of cement and coke. Cement, when properly bunt, 
should have the appearance of a hard clinker just on the verge of vitrifaction ; in proportion to the 
high degree of burning, sl.ort of excess, so is the strength of the cement improved. 

°With regard to the increabcd tensile strength of the fine as compared with the coarse cement 
when mixed with sand, it may be accounted for by the latter containing a large proportion of 
unground particles which, although acting as a bond when gauged neat, would, on the additioo 
of sand, be distributed through the mass, thereby reducing the infiuence they would have as a 
key ; the actually effective cement being the diflerence between the original quantity and the 
projiortion of coarse or unground it contains. Thia proportion is ordinarily about 21 per cent 
The cement would, therefore, be reduced in about this proportion, whilst the sand would be 
augmented ; thus, in the case of 1 in 1, the actual proportions would be '79 of cement to 1*21 of 
sand. In the case of the fine cement, the proportions would be as stated, the mass therefore con- 
taining a greater quantity of efiective cement, which would go far to account for the superior tensile 
strength ascertained from these experiments. 

The (1 uantity of water used in gauging the cement has great influence upon the tensile strength. 
If an unaue amount be emploved, it is reduced to a considerable extent ; on the other hand, if the 
quantity be as small as possible consistent with proper manipulation, the result will be much higher. 
t'nim Tinmaiw.iio ^^^ — i^^,.^a ««^ ^Uo».»»4-.'....a u «.„« fyiind that, Bs a general rule, a proportion of 

' t, was the best, both as regards convenience 
gauging would be ao stiff aa to render the 
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manipalatioii most difficQlt^ tlie ri^ of air-holes, the redaction of which to a minimam is a point to 
be paitiooLirly attended to, would he augmented ; the angles of the moald would be imperfectly 
filled, and generally a very imperfect briquette formed; consequently the results of such testa 
would be unsatisfactory and unreliable. A much greater quantity of water would have the effect 
of reducing the tensile strength, rendering the results of te^ts equally unsatisfactory and unreliable. 
Of course, in general practice, it will be found that a sli^^ht variition in the above-mentioned pro- 
portions will be necessary, depeuding upon the age and degree of fineness of the cement, but only to 
a limited extent. 

The age of Portland cement, although strictly not a condition of manufacture, is an important 
element in its economical and safe use. Cement not only improves generally by keeping, out the 
older the cement the lees danger will there be of its flying, inasmuch as free lime, arising from an 
excess of chalk, would be acted upon by the atmosphere, causing it to slake, and reducing the danger 
of expansion to a minimum. The age has also been found to exert considerable influence upon the 
rate of setting, causing it to require a much longer time to set than new cement 

The following analyses of constituents and cement made therefrom, will show the chemical 
changes occurring in tiie manufacture ; — 

Analyses of raw materials u^ed by the Burham Cement Company — 



Grey Chalk- 
Carbonate of lime 

Silica 

Alumina 



Gaolt clay — 

Silica 46-61 

Alumina ., 16*06 

Oxide of iron 6*07 

Carbonate of lime 25*06 

Magnesia *60 

Potash '60 

Water and organic matter .. 5*00 

Analysis of Portland cement manufactured by the Burham Cement Company — 



.. 87*50 

.. 700 

115 

Magnesia 1*00 

•30 
.. 305 



Oxide of iron 

Organic matter and water 



Soda 

Silicic acid 
Clay sand 
Moisture . . 
Loss .. 



Alumina 12*25 

Oxide of iron 4*30 

Magnesia *30 

Pure lime 50*00 

Sulphate of lime 200 

Potash '85 I 

Analyses of raw materials used by Hooper and Co. — 

Wet Cky— 

Carbonate of lime 

Silica 

Alumina 

Oxide of iron 

Potash and soda 

Water ' . 



•75 

2500 

3*00 

100 

•55 



2*79 
24*86 
512 
108 
1*39 
64-76 



Baw Chalk— 

Carbonate of lime 

Silica 1 

Alumina 

Oxide of iron 

Carbonate of magnesia 

Water 21 

Loss 



7600 
109 
•73 
•36 
•06 
49 
•27 



Analysis of Portland cement manufactured by Hooper and Co. — 

Oxide of iron . . 
Potash and soda 
Biagnesia .. 



Lime 
Silica 
Alumina 



64 36 

26*42 

6-22 



1*58 

1-37 

•05 



Good Portland cement, in its dry, ungauged condition, is of a uniform dull grey colour; 
occabiunally a slight greenish hue is observable, sometimes replaced by a slight buff tint. A yellow 
or drthy colour is almost invariably indicative of inferior quality. The colour can be best observed 
by pressing a small quantity on a sheet of white paper with a clean, smooth trowel, or a piece of 
sheet glass. 

I. J. Mann suggests that the operation of weighing should be discartlod. and the specific gravity 
be taken insteaii. That this hiis not hitherto been done is probably due to the trouble and 
difficulty experienced in obtaining the specific gravity by the ordinary method. In the case 
of Portland cemont a liquiil must be used which does not chemically affect it. The specific 
gravity of this liquid has also to bo taken and the results reduced to the standard of distilled 
wati r, involving tedious arithmetical calculations. To obviate these difiiculties, a simple gravimcter 
has been devised. It consibts of a small glass vessel holding, when filled to a mark on the neck, 
a 

and 
by 
intended to be examined. , .., « . 

In using the gmvimeter the pipette is filled to the mark with paraffin, turpentine, spirits 
of wine, or any other liquid which does not act on the cement, preferably paraffin : 1000 grams of 
the cement are then introduced into the smaller vessel, which is placed under the pipette and filled 
to its mark. Before this is quite completed the vessel may be corked, and the contents shaken to 
remove small air-bubbles entangled in the cement The height of the^lumn of liquid remaininff 
in the pipette determines the specific gravity, which can be at once read off on the graduated 
stem The denser the substance operated upon, the less liquid will be disphicod in the smaller 
▼cssel, and therefore the less will remain in the pipette, and rw« wrso. 

Cohjou has ahio experimented on the comparative tensile strength of grey lime and Portland 
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cement mortar, to ascertain what proportiona of Portland cement and sand wonld prodnce a mortar 
equal in strength and as convenient to work as grey lime mortar, the proportions ordinarilj 
adopted for constructive purposes. The mortar was mixed to a working coDSistenoy, equal, in fact, 
to the condition in which it would be used in the work. The mass was then moulded in the 
frames used for testing Portland cement, where it remained until sufficiently hard to admit 
of removal. At the expiration of six months the blocks were tested for tensile strength. With 
regard to the lime mortar, containino^ 2 sand, 1 lime, 1*33 water, the fractured blocks showed that 
induration, or tlie cbemical action of setting, had penetrated only to the extent of from ^ inch to 
-i\ inch, but in the majority of instances to only i- inch. The remainder of the area, although dir, 
and moderately hard, had become so mainly from the evaporation of the moisture originally 
contained in the mass, and in no sense from the absorption of carbonic acid. It was possible, more- 
over, to crush it on the hand without any great exertion of force. The cement mortar, mixed in 
the proportions of 6 sand, 1 cement, 1 '26 water, was of such a raw, harsh, character that it would 
be practically impossible to use it in a satisfactory manner. To render it somewhat more con- 
venient for working, a small quantity of lime or yellow loam was added, rendering the mortar more 
plastic and tenacious. This addition of lime and loam reduces the initial strength of cement 
mortar considerably, the reduction due to the addition of loam being more marked than by the 
addition of lime. Tlie quantity of unslaked lime or loam, ^ the bulk of sand, was found to oe as 
small a proportion as could be used, to give the necessary tenacity. 

As regards the comparative adhesive power, it may be stated that the adhesive power of mortar, 
mixed in the proportions of 8 of sand to 1 of cement, with the addition of loam, was superior to 
grey lime mortar mixed in the proportions of 2 of sand to 1 of lime. 

G. Colson has made numerous experiments on the strength of Portland oement concrete arehee 
and beams to ascertain the relative supporting power of masses of concrete equal in quality and 
practically so in bulk, but differently disposed. It was also desired to show the relative supporting 
power of arches of the same span, rise, and thickness at the crown, composed of porous and non- 
porous material respectively, such as shingle and broken bricks, but mixed in the same proportions* 
The proportions, in the experiments in which shingle was used, were 6 of screened harbour shingle, 

8 of sand, and 1 of Portland cement. The proportion of sand was determined by the measurement 
of the quantity of water required to fill the interstices of the shingle when placed in a known cnbio 
meaijure. In mixing the concrete as little water as possible was used consistent with thorough 
manipulation ; and in depositing upon the centre great care was taken that there should be no 
horizontal beds or laminations, but that the whole should form a thoroughly homogeneous mass. 

No. 1 experiment consisted simply of a beam of concrete, mixed in the proportions as explained, 

9 ft. long, 1 ft. 9 in. wide, and 9 in. deep; the distance between the supports was 8 ft. 3 in., 
with a bearing of 4^ in. at each end. Fourteen days after mixing the supports were removed, 
when the beam suddenly gave way near the centre. The fractnre showed that the concrete was 
perfectly sound, there being no vacuities whatever to cause a diminution of effective sectional aiMk 

No. 2 experiment consisted of a concrete beam similar in all respects to No. 1, being made from 
the same mass and deposited at the same time. In consequence, however, of No. I having failed 
on the removal of the supports at fourteen days, the supports were not removed in this case till 
twenty -one days after mixing. At this interval the beam stood perfectly sound, and remaineil 
unsupported for a further period of seven days, when it was tested, and broke under a central load 
of 5 cwt. 

No. 3 experiment consisted of a portion of No. 1 beam, 4 fi 6 in. long, placed od supports 
3 ft. 9 in. apart. This beam supported a load of 7*50 cwt. for seven dayc, when the load was 
increased to 13*75 cwt., under which load the beam failed twenty-eight days after mixing. 

No. 4 consisted of a portion of No. 2 beam, 3 ft. 9 in. clear of the supports, and tested imme* 
diately after No. 2, at twenty-eight days after mixing. This beam failed under a load of 1*044 too 
placed at the centre. 

In each of these experiments the beams broke suddenly, without the least evidenr>e, either by 
gradual cracking or otherwise, that the limit of load bad been reached. One point, with regard to 
Nos. 3 and 4, deserving notice, is the difference in the load borne by each before fracture took 
place, the interval of time being the same. It is possible that in the case of Na 3, whioh consisted 
of a part of No. 1 beam, the portion appropriated may have been slightly strained at the time of 
the first fracture on the removal of the supports at the expiration of fourteen days. 

The foregoing experiments being upon beams resting simply on vertical supports, it was desired 
to know what increase of renistimce to fracture would be derived from the ends of the beam being 
blocked in such a manner aii to secure perfect rigidity. Sufficient concrete was therefore mixed in 
the proportions before described to form two beams. One, No. 5, was formed with the ends resting 
on pierti, as in the case of the previous experiments. The second. No. 6, was formt d between two 
counterforts of the wall, in which bearings 4^ in. deep had been cut After an interval of fourteen 
dayn the supports were removed, when No. 5 beam broke with its own weight in exactly the uame 
way as No. 1. Having in view the first failure, additional precautions were taken in removing the 
sui)ix>rts, the folding we<lges and bearers being all planed true in onler to reduce tlie frictiou to a 
minimum. The circumstances attending the failure of the^se two beams being precisely the aamev 
lead to the conclusion that the strength of the concrete as used, at fourteen days* interval, was not 
suflioient to witlistand the ten^ile strain at the centre due to its own weight. Tlie supports w4»rB 
removed from No. 6 beam at the same time, no sign whatever of wei^mess being observed. After 
remaining unsupported for a further period of sixteen days, the beam was tested by placing woigbta 
on thu centre. Under 0*96 ton a faint crack was observed at the centre through tno whole width 
of the beam; with 0*635 ton it had increased ss nearly as could be determined to half the depth* 
4^ in., and opened to about ^ in. at the lower surface. The full extent of the fracture probably 
exceeded this, although not apparent on the surface. The load at the centre was ultimately 
increased to 1 * 21^2 ton, when the beam broke. This experiment shows die necesnty of goanLng 



CHIMNEY SHAFTS. 849 

against the possibility of lateral movement, in the slightest degree, in the supporting girders of 
a floor. 

Experiments Ko& 7 and 8 were made to compare the gain in strength derived &om a different 
disposition of the same balk of concrete. The same proportions and dimensions were preserved, 
bat the mass was deposited in the form of an arch with a rise of 9 in. at the centre. The supports 
were removed from both arches at the expiration of sixteen days ; there was, however, no necessity 
for their remaining supported ior so long a time, as shown by sabsequent experiments on arches of 
nearly doable the span. 

No. 7. Testing was commenced when the concrete was twenty-three days old. When loaded 
with 1-75 ton, a pig of iron, weighing 2*85 cwt., fell on one of the haunches, carrying away a 
portion. The arch then stood fur two days with a load of 3 tons on the centre. Under a load' of 
4*50 tons slight evidence of distress was observed at the crown, and with a load of 5*50 tons the 
arch &iled by the complete crushing of the materiul at the centre. 

No. 8. The testing of this arch commenced at twenty-eight days after mixing the concrete. 
When loculed with 5 tons, the testing was suspended for three days ; it was then resumed, and 
with a load of 6*75 tons the arch failed. The slight indications of distress observed in the previous 
experiment appeared in this case, only immediately before the fracture of the arch. 

No. 9. In this experiment the arch was 13 ft. 9 in. between the abutments, 1 ft. 9 in. wide, and 
9 in. thick at the crown, with a rise of 9 in. Exactly the same proportions of shingle, sand, and 
cement were used. The centring was removed at seven days from the date of mixing the concrete, 
and the arch was tested at twenty-one days. A g^uge was fixed in order to ascertain the amount 
of deflection duo to the imposed load, which consisted of pig-iron ballast applied at the centre of 
the arch. With a load of 4 tons slight signs of distress were observed at the crown, when the 
gauge registered a deflection of jg in. With an additional load of } ton, = 4*50 tons, the arch 
suddenly failed, with no greater indication of distress than was previously observed. The greatest 
deflection registered was ^ in. 

No. 10 consisted of an arch of the same span and dimensions, constructed and the centring 
removed on the same dates as No. 9, but tested after one month. With 3* 14 tons at the centre this 
arch failed, without even the slight warning observed in the previous experiments. 

The concrete for the last two experiments was mixed in one mass as regards proportions of 
cement, sand, and shingle. No. 10 was, however, made much wetter than No. 9, to ascertain the 
effect of an excess of water upon the concrete. Judging from the results of these experiments the 
effect was to materially reduce the strength of the concrete. This was ahio found to be the case 
when concrete blocks were subjected to compression in the hydraulic press. These blocks, 6 in. x 
6 in. X 6 in., were composed of the same proportions of cement, sand, and shingle, as used in the 
arches. An equal number was mixed with a maximum and minimum of water and tested when 
six months old. The same effect was also observed when broken bricks and broken Portland stone 
were used for the cement. 

The concrete for Nos. 11 and 12 experiments was composed of broken bricks, mixed in the same 
proportions as used for the shingle arches, viz. 2 to 1 of broken brick and sand, and 3 to 1 of sand 
and cement ; before mixing, the broken material was well damped. The necessary bulk of concrete 
for both arches was mixed in one mass and deposited in position at the same time. The centrings 
were removed in both oases seven days after mixing, and the arches tested at twenty-eight days. 
In No. 11 experiment slight evidence of distress at the crovm became apparent under a load of 
6 tons on the centre, and with 6*77 tons the arch failed. 

No. 12 was tested on the same day as No. 11 arch, and supported a load of 6*50 tons before 
any indication of dUtfess was observed ; the load was then gradually increased to 7 * 064 tons, under 
which the arch fiailed. 

The superior strength of the arches in the last two experiments is evidently due to the more 
absorbent and angular character of the materiah The appearance of the fractures in the two cases 
of shingle and broken brick, showed a marked difference. In the first case, the strain destroyed the 
adhesive power existing between the shingle and the matrix ; in no instance was a stone observed 
to be fractured, the oasts being, as a rule, clearly defined in tiie cement. In the second case, the 
superior adhesive power existing between the broken brick and cement matrix was manifest ; in 
but few instances had the cement left the surface of the brick, the general characteristic being 
that of complete disintegration of both brick and matrix. 

CHIMNEY SHAFTS. 

Chimney shafts are constructed for a twofold purpose. To cause a sufficient flow of air, or 
draught, throueh the furnace, to maintain the perfect combustion of the fuel with the least waste of 
heat; and to discharge at a great height the heated air and smoke, which, by reason of tbo 
noxious products contained, would be very injurious if ejected at a low altitude. 

When used in oonjunction with a steam engine, the success of the firing, in getting up steam 
quickly, and keeping it up steadily, depends in a great measure on the proper construction of the 
cnimney ; for witnout a properly regulated draught it is impossible to obtain a perfect combustion. 
Factory engiueers, however, differ widely as to the best form and construction of a chimnev for 
attaining the principal end in view, namely, tlie best draught at the least exoense; the problem 
being one of those which present a wide field for inquiry, and admit of manv different methods of 
solution, according to ti^e end in view. For it will be evident that the velocity of the draught 
should be regulated by the work which the chimney is intended to perform ; a steam engine shaft 
leqniring a much sharper draught than one in connection with brick or lime kilns, and a forge 
chimney a sharper draught still. It will generally be found that with a draught in the chimney 




or produce the red glow which is the perfect condition for raising steam, without a full command of 
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draught. According to the Lancashire practice, a steam engine chimney, leaving all consideratiooB 
of cost out of the ouestion, cannot be too large nor too powerful^ provided it is supplied with 
efficient means for checking the draught, by properly fitted dampers or otherwise, whereby the 
supply of steam can be readily controlled at any moment, so as to work the engine at one-half its 
fuU power, and using considerably less than one>half the power of draught of the chimney. For 
this purpose the ordinary damper, say 3 ft. long, of a 30-horse-power engine ought to be open only to 
the extent of 3 to 6 in., thus having a surplus draught always at command for emergencies. In every 
case the proper regulation of the clamper will be found to be of extreme importance ; a very nice 
adjustment being necessary to produce the best effect, either too much or too little air causing a great 
loss of fuel, and consequently a corresponding loss of power. An intelligent fireman, however, soon 
finds out by experience the proper height or opening of damper fordoing the required work with the 
least consumption of fuel. The best chimney draught, for a steam engine, takes place when the 
absolute temperature of the gas in the chimney is to that of the external air as 25 to 12 ; another 
practical rule is, that in order to ensure the best possible draught through a given chimney, the 
temperature of the hot gases, in the chimney, should be nearly but not quite sufficient to melt 'lead ; 
that is, about 600^. With steam boilers the heat of the air shoull not exceed 600°, and ordinary, 
well-burnt stock bricks will be found to stand this temperature well ; but with reverberatory and other 
brick furnaces, the air is often of a temperature of 2250°. For such cases the chimney should be 
lined with firebrick throughout ; and as the cohesion of mortar is soon destroyed with such high 
temperatures, there should be wrought-iron bands round the outside of the shaft, at regular inter- 
yals from top to bottom. 

However well shafts may be erected, they are liable to be injured by lightning or by high winds. 
As regards the former, the chimney should be protected by lightning oonductors. As regards Uie latter, 
the force of the wind in England rarely exceeds 50 lb. a sq. ft., even in great storms, altbou^ it 
has been known occasionally to rise to 70 or 80 lb. a sq. ft. It has, however, been calculated that 
with an ordinary well-built chimney the force necessary to overturn it would he 110 lb. a sq. ft. 
In the case of a severe gnle of wind, if the chimney has a steady rocking motion, like the swing cyf 
a pendulum, it is probably safe ,* but if it has a swaying motion like a tree bent by a blast, and 
recovering itself during the lull, its eventual fall is almost certain. 

The questions of most interest in connection with large chimney shafts, either in erecting a new 
shaft or rebuilding an old one, are the external and the internal proportions. 

As regards the external form, of which Figs. 824, 828, and 832 are examples, there is no reason 
why a chimney shaft should not be both an ornament to the surrounding objects, as well as 
practically the best that could be constructed for the purpose required. Even in the case of a 
circular shaft of perfectly plain and regular outline, careful selection and contrasting of bricks of 
various colours, in bands or otiier simple, regular patterns, or a variation in the colour of the 
mortar, will often add considerably to the architectural appearance. The cap frequently receires 
the most decoration, but in very high shafts this is the last thing which should be decorated, as 
there is no une iu elaborately carving the tup of a chimney shaft 200 or 300 ft. high; neither is a 
heavy stone cap, several tons in weight, required for the stability of the shafL A slight cor- 
belling out of the brickwork for a few courses in height, or a few bold mouldings cut in stone, 
are all that is rf^c^uired. 

It i», however, the internal proportions of a chimney shaft, its height and sectional area, that are 
chiefly of importance. 

In fixing un the proper dimensions of the vertical smoke flue, or inside of a chimney shaft, it is 
a question whether, as is most usual, it should be tapered or dimini&hed in area towards the top, 
or whether it ought to be parallel, as wide at the top os at the bottom. These questions will be 
found fully treated of in the article on Chimneys in this Dictionary. But there is another 
question quite as im{X)rtant as either of the above, and requiring a prior consideration ; namely, 
what are the proper dimensions, height, and area of a chimney shaft most suitable for a steam engine 
of any given number of horse-power ? or, which is nearly the same thing, fur burning away a ^iven 
quantity of coals an hour? Tiiis will depend a good deal on the quality of the oonls to be used, and 
the quantity of waste gaseous products arising from their generally imperfect combustion in the 
furnace, the be^^t Newcastle or Hartley cnals, and the best Welsh steam coal, though requiring 
very different treatment in the furnace, being found equally in practice not to re(|mre such large 
chimneys a» the inferior coals of the English Midland and manufacturing districts. 

Table I. of the diameters and hei<;hts required for chimney shafts of various horse-powers, has 
been calcuUited according to the rules given by Peclet ; but it has been found in practice that 
chimneys haviug dimensions as calculated by these rules wiU on an average, with good manage- 
ment, do nearly double the work ussi<?ned by this table. 

Thomas Box, in his Treatise on Heat, gives the following table of the power of chimneys to 
steam boilers, the flues having a constant length of circnit of 100 ft ; and although this length will 
evidently be too great for small bviilers, the only practical effect it will have will be to make the 
chimney rather too |X)werful for such cases; but this is ati error on the right side, it being always 
expedient to allow a margin for unforeseen contingencies, the excess of power being held in cheek 
by adjustment of the register or damper. In tliis table the power of the chimney is given at 25 
per cent, of the maximum calculated power, thus allowing a margin of 25 per cent. ; thus the 
maximum power of a round chimney having an internal diameter of 3 ft. 6 in. and a height of 80 ft. 

150 X 4 
will be — - — = 200 horse-power. 

As examples of the actual work accomplished by existing chimney shafts. Table m. afifords 
particulars of three chimneys at Dens Works, Dundee. In No. I the draught was not good, on 
account of only one boiler being connected with the chimney. In No. 2 the furnaoes are sitoale 
at about the level of the base of the chimney. In No. 3 there is a rise of 63 ft. from the firing level 
of the first fifteen boilers to the bottom of the chimney shaft, and a rise of 86 fl. from the remaining 
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four boilera; so that the total height from the firing level of the 15 boilers to top of chimney is 
225 ft. From both these ranged of boilers (he smoke is conveyed to the chimney by a long sloping 
brick flue or funnel, mostly und^r ground. 

Table L— Powkb op Cuuikets to Steam Boilers. Pkolet. 



Hone-power of 


Chimney. 


Square. 


RooDd. 


10 


7*8 


20 


16 


85 


27 


50 


39 


75 


59 


100 


78 


150 


118 


200 


157 


800 


235 


400 


315 


500 


390 



Aasamed 

Length of 

Circuit 

of Flaes 

la Feet. 



45 
65 
85 
105 
110 
110 
110 
110 
120 
130 
150 



30 



18-40 
23-30 
30-73 
36-96 



Height of Chimney in Feet. 



40 



60 



80 



100 



125 



Mazimnm Slxe of Chimney In Inches. 



1412 
19-73 
26-10 
31-17 
37-96 



12 

18- 
23 
28- 
34- 



95 
12 
83 
41 
56 



39-63 
48-34 
57-55 



17 07 
22-39 
26 06 
32-39 
37-11 
44 19 
51-95 



25 

30' 

85 

43 

49- 

60' 



45 
88 
35 
03 
40 
23 



• m 



34-52 
41-00 
47-04 
57-33 
65-97 



150 



39 
45 
55 
63 

70- 



57 
38 
20 
48 
85 



Table II. — Power of Chimnets to Steam Boilers. Box. 



Ineide 

Diameter at 

the Top. 



Height of Chimney in feet. 



40 



60 



80 



100 



120 



150 



Round. Square. Round. Square. Bound. Square. Round. , Square. 



ft. 

1 
1 
1 
1 
2 
2 
2 
2 
8 
3 
4 
5 
6 



in. 



3 

6 

9 



3 

6 

9 



6 









H.P. 



6 
10 
16 
23 
31 



4 
9 
6 
5 
9 



H.P. 
8-1 



13 
21 
30 
41- 



9 






H.P. 

12-8 

17-5 

27-9 

37-3 

49 

65 

78 

94 



H.P. H.P. 



4 
3 





16- 

24 

34 

47 

62 

' 83 

100 

123 



3 
8 
2 
5 
8 
1 





H.P. ; Hj». 



' 21 

31 

42 

55 

i 70 

88- 

106 

150 

202' 



7 
1 
3 
3 

4 







27-5 
400 






53 

; 70 

I 90 
112 
185 
191 



8 
4 







257-0 



45-7 

60-0 

76- 

94' 
114 
163- 
220 
360- 



H.P. 






58-2 
76-4 



5 
9 







! 97- 

121 

145- 

207- 

280' 



4 







I I ■ 

Round. I Square. Round. Square, 



H.P. 



458-0 



63 
81' 
101' 
123 
175' 
235- 
388' 
577' 



8 










H.P. I H.P. 



. 81-2 
1030 
128-0 
157 
223 
300-0 
491-0 
.734 



H.P. 



e a 



85 
106 
130 
186 
252 
415 
615 



108 
135 
165 
237 
321 
528 
783 



Table III.— Chimneys at Deus Workb, Dundee. 



w. 


Height 

above 

Ground. 


Internal Area of Flue. 


No. of 


No. of 


Area of Flue for each 
BoUer. 


Consumption 
of Coal for 

60 hours work 
of all the 
Engines. 


Average 
Draught 

of 
Chimney. 


No. 


1 
At Bottom. At Top. 


Contracted 
at Outlet to 


Boilers. 


Furnaces. 


At Bottom. At Top. 

1 


1 

2 
3 


ft. 
102-8 
135-0 
162 


ft. 
18-06 
49 00 
90-25 


It. 

2-25 
18-06 
36- 00 


ft 

1-75 
13-78 
25-00 


1 

7 

19 


1 
2 
2 


ft 
18-06 
7-00 
4 75 


ft 

1-75 
1-96 
1-31 


tons 
10 
75 

210 


-50 
•75 

-80 



The best form of section for a chimney, as regards its stability, is the circular, next to it the 
octagonal, and lastly the square form ; the force exerted by the wind being twice as great afainst a 
square cliimney as against a circular one of the same diameter. The square and octagonal forms, 
however, possess one great advantage over the circular, and that iB, that the brick bond is much 
better ana stronger in either of the former than it is in the latter. 

A general rule given for the height of chimney shafts is, that if the shaft be square, its height 
should not exceed ten times the outside diameter at the top of the footings ; if octagonal, the height 
may equal eleven times the lower diameter ; while, if circular, it may be as much as twelve times 
the diameter. This rule, however, does not seem to be very generally foUowed, as many chimneys 
exist with heights equalling from fourteen to eighteen diameters. The diameter should decrease 
in a regular manner, being about one-third less at the top than it is at the bottom. 
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Table lY. shows the rate of diminution and the proportion of base to height, in a number of 
large chimney shafts. It will be seen that the proportions vary considerably in different places. 
Local customs doubtless have their influence, but the special purposes in view have, and ought to 
have, more influence still. For, as already pointed out, it makes a great difference whether the 
abaft is to be used for an engine boiler, an iron furnace, or a range of kilns ; a flue that would 
answer perfectly well for one of these might do very badly for either of the others. 

Table IV. — Pboportions of GBUfNETS. 



Name. 



Townsend*s Chemical Works, Glasgow 

St. BoUox, Glasgow 

Messrs. Dobson and Barlow, Bolton, Lancashire 

Chemical Factory at Barmen, Prussia 

Chimney at Bradford, Yorkshire 

Dye Works, Hogen, Prussia 

West Cumberland Iron Company, Workington, No. I 

Pontifex*s Works, Isle of Dogs 

Shell Foundry, Woolwich 

Messrs. Gostling's, North fleet, port fell 

West Cumberland Iron Company, Workington, No. 2 

Boring Mill, Woolwich 

Rocket Buildings, Woolwich 

Steam Engine at St Ouen, France 

Saw Mill, Woolwich 

Paper Factory, Woolwich 



Ontside 
IMtimeter 
atBaae. 



Height 

above 

Ground. 



Dhnlno- 

tion of 

Width in 

10 Ftet of 

HeighU 



ft. 


in. 


82 





, 40 


6 


42 


6 


18 





20 





18 


6 


24 





20 


6 


16 


9 


22 





23 





18 


1 


11 


6 


10 


8 


10 


6 


10 


8 



feet 
454 
482 
867^ 
331 
800 
274 
250 
228 
224 
220 
200 
170 
150 
132 
130 
120 



Knmber of 
Dismetera lligfa. 



t» 



ft 



14^ about 
lOf „ 

184 
1? 
14^ about 
lOi „ 

IH » 
13i „ 
10 

8| about 
13 
13 

12 about 
12 

11* 



T» 



n 



The projection at the head of the chimney, if any, should not exceed three-fourths of the thick* 
ness of the brickwork from which it projects ; but if it is desired to have a very ornamental pro- 
jecting chimney-top, precautions must be taken to have a blocking course on the top of sufficient 
weight to counterbalance any tipping tendencies of the overhanging parts. Very effective chimney- 
tops may be formed by g^radually corbelling out the brickwork in various wavs before reaching the 
top. Hollow terra-cotta copings may be used with advantage, inasmuch as they can be cast to any 
form, and are lighter than either stone or brick, and are especially suitable where considerable pro* 
jections are required. Probably the best form of cap for a chimney is one formed of cast iron, with 
a bold outside moulding ; to be cast in sections, and firmly bolted together at the top of th« 
chimney. This effectuaUy prevents all percolation of water through the joints of the brickworic 
from the top, which, after severe frost, often causes unsightly, if not dangerous, cracks in uupio* 
tected shafts. 

The proper thicknesses of brickwork for a shaft in a sheltered position need not be so ptrongly 
constructed as one which is always exposed to currents of wind, and therefore, in the former case, leaa 
thickness of brickwork may be adopted than in the latter. A good rule, given by Moleaworth. is to 
increase the thickness of the shaft, from the topdown wards, half a brick in every 25 ft; but this is 
scarcely ever carried out in very high shafts. We believe ihe following dimensions to be mare in 
accordance with general practice. Let us suppose a chimney 200 ft, high, and square on plan, the 
width of the bide at the top of the footings being 10 ft., and the width of the top 6 ft. 6 in., or say 
6 ft. Then commencing at the top, and working downwards, 

The first 25 ft. should be 1 brick thick. 

„ next 25 „ „ IJ 

»» t> 30 „ „ 2 „ 

}( »» "^ »» n ^J n 

„ „ od „ „ • o „ 

„ „ od „ „ .. .. ., ,, 8^ J, 

and the bottom 20 „ „ 4 „ 

Sometimes the top 5 or 6 ft. is only half a brick thick, but this does away with the bond, which is 
one of the most essential things in all brickwork. 

The height of the footings should be at least 10 courses of bricks, the bottom course being 
8 bricks in width ; this will give a 2 brick set-ofl' on each side of the widl, and if the courses be 
double, each set-off will be about 8} in. in width. The concrete foundation should be 20 ft. square 
on plan, with a depth of 7 ft. A section of the base of this chimney is shown in Fig. 821. Tlie width 
at top of the shaft being 6 ft externally, and the walls 9 in. thick, the internal width will be 
4 ft. 6 in. When the internal width of the top of a chimney exceeds 4 ft. 6 in., it ia the general 
practice to make the top 25 ft. 1^ brick in thickness insteaa of 1 brick ; and as accidents have 
occurred where this rule has not been followed, it will evidently be advisable to adhere to it* until 
such time as science shall have provided the engineer with a better. 

Table V . shows how much practice differs with respect to the Uiickness of brickwork for shafts : 
it affords details of three chimneys at Woolwich, and, for the sake of additional comparison, one 
chimney at Manchester. 
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TxBLB y. — ^SicTiONS OF GiminET Shapts. 



Kama of Plaee. 



Woolwich — 
Boyal Arsenal 



Gun Factory .. 



Shell Fonndiy.. 

Goltnen Iron Works 
Bfanchester. 



H«lgbt 

abuve 

OrouDd 

Lina. 



feet 

120} 



ft. liLft. In. ft. In. 



170 

2231 
210 



Number of Bricks Tbick. 



H 



8 981 6.81 6 



3 



ft. In. 
16 6 



ft. iD.'.ft. in. 



30 



25 8 



H 



ft. in. 



25 328 8 



50 080 



ft. In. 
28 8 



81 681 681 6 



85 040 



50 050 



80 

81 6 
45 



Width 



Width 
at 

Top. 



ft. In. ' 
10 9 



80 



86 



18 9 

20 
18 6 



ft in. 
4 9 



5 6 

6 6 
10 6 



Obaerratlons. 



Scaffold erected inde- 
pendent of shaft, and 
without a putlog hole. 
The top 28 ft 8 in. 
in oemeui. 

First 80 ft. is square on 
. plan, the remaining 
' 140 ft. octagonal on 
plun. 

Square. Top 9 ft huilt 
in cement 

Firebrick lining 25 ft. 
high and 10 in. thick. 



The building of a high chimney shaft is a work special in all its conditions, and cannot be com- 
pared with ordinary walling. 

All shafts should be erected during the summer, operations being commenced as soon as possible 
after the disappearance of frost If, however, through unavoidable circumstances, a shaft has to be 
erected during the winter, building operations must be discontinued on the least appearance of frost, 
the surface being carefully covered to prevent iuiurions effects. Brickwork laid m frosty weather, 
or between the joints of which moisture has oeen allowed to percolate, and which afterwards 
becomes frozen, is almost certain to be destroyed, when a thaw sets in, by the consequent swelling 
of the mortar. 

It is not advisable to erect a chimney shaft too quickly, as the weight on the lower portion is 
oonstiintly increasing, and would be liable to cause a slipping in the mass, if the mortar were not 
allowed time to properly eet. As the setting of tlie mortar depends on the state of the weather, and 
on the quality of the lime or cement employed, the rate of progress in the height of the chimney, 
which can be allowed with safety, will depend upon the same two causes. The rate generally 
followed is from 2ftto 2 ft 6in.a working day, according to the size and height of the shaft 
In Bianchester and some of the Lancashire towns, it is the custom in erecting very high shafts to 
cany them up to half their height, and then allow them to stand for six months to consolidate, at 
the expiration of which time the rest of the work is completed ; but this is necessary only in the case 
of very high and large shafts, which could not be completed in a single season. 

The strength of a shaft depends, in a great measure, upon the materials employed in its con- 
struction and the quality of the workmanship. A shaft should not be tied to any existing building 
or wall, but its own proportions should secure its stability ; neither should any woodwork be fixed 
in or to it 

Brickwork built with Portland or Boman cement requires a weight of about 80 tons a superficial 
foot to produce fracture from compression ; and when built with blue lias mortar, thoroughly set. it 
requires about 29 tons, but nothing like this weight is ever reached in chimney shafts. In proof of 
the strength of brickwork, we may state that there is a brick chimney at Manchester 410 ft. high, one 
at Wi^n 420 ft. hleh, and another at Warrington 440 ft. high, while the shaft at Townsend'a 
Ohemical Works, Glasgow, is 454 ft in height ; and therefore^ provided the bricks be sound and 
good, there need be no fear as to their strength, but all precautions will have to be taken respecting 
the quality of the mortar used. 

The bricks used should be picked stocks, hard and sound, with sharp, souare edges, thoroughly 
well burnt, and of a uniform tiiicknees. When any new form of oricxs or terra-cotta orna- 
ments are used, they must be so made as to work in bond, and in course, with common bricks ; 
for it must be remembered that the bricklayer has to use them, and that, consequently, if they are 
of a complicated make, it is more than probable that the proper fixing of them will not be 
attended to. 

The bricks should be well wetted with water just previous to being laid, in order to prevent their 
absorbing the moisture of the mortar too rapidly. The joints of the brickwork should be well 
flushed up with mortar every course ; this is much to be prererred to the ordinary method of grouting 
every two or three courses, grouting being fluid mortar, which as the water dries out oecomes 
porous, and consequently possesses but little adhesive power. The wurk should be bevelled and 
plumbed every 8 ft. or oftener, in order that the batter may be preserved perfectly regular. 

Furnace shafts should be lined with firebrick to the extent of 10 ft at the least above the 
opening from the furnace ; the lining should not be tied to or made to support the brickwork of 
the shaft, but be constructed independent of it, so that tlie lining may be cut out, taken away, and 
replaced, without endangering the structure. Moreover, a space should be left between the two of 
at least half an inch, to permit the interior firebrick lining to expand without disturbing the 
main exterior waUs. 

Welsh Dinas brick, consistinff of nearlv pure silica, is the only material of those practically 
available on a large scale, that has been found to resist the intense heat at which steel-melting fumaoes 

2 A 



854 CHIMNEY SHAFTS. 

are worked ; bnt though this material withstandB perfectly the temperature required for the fiiaion of 
the mildest Bteel, yet it will be melted easily if the furnace be pushed to a still higher heat Aa 
the gas flame is quite free from the suspended dust, which is always carried over from the fuel by the 
keen draught of an ordinary furnace, the brickwork exposed to it is not fluxed on the sur&ce, and 
gradually cut away, but fails, if at all, only through absolute softening and fusion throughout its 
mass. A Stourbridge brick, for example, after being exposed for a few hours to the heat of the 
steel-melting furnace, remains quite sharp on the e<^es, and is little altered even in colour ; but it 
is so thoroughly softened by the intense heat that, on attempting to take it out, the tonp press into 
it and almost meet, and it is often pulled in two, the half-fused material drawing out in long strings. 

Ordinary mortur is formed of 1 part by measure of Dorking greystone lime to 3 parts of 
sharp river sand. When it is desirable to liave a quick-setting mortar of great strength, it is 
customary to use Portland cement and sand, in the proportion of 1 part by measure of cement to 
2 parts of sand. Cement should not be used new, as it improves with age, if kept from nK>isture ; 
wnile, if used new, it is apt to expand. lime and cement should not be mixed to form mortar, aa 
the lime hardens slowly and the cement quickly. The crushing weight of Portland cement is Tery 
great ; at the expiration of six months, after being made into a mortar of 1 part of cement to 2 of 
sand, it requires 1 ton a sq. in. to crush it, and alMut five-eighths of the crushing weight to produce 
the first crack. 

For the making of ordinary mortar, Dorking greystone lime is the beet ; but where a more 
hydraulic lime is thought desirable, blue lias lime is generally used. The more hydraulic a lime, 
the less sand it will take up when made into mortar, blue lias lime being completely spoilt by an 
excess of sand ; it requires out little water to slake it, and after being wetted it should be made into 
a heap and covered with sand. If previously ground, a good practice is to spread it under a shed 
some little time before it is required for use, and to BlSke it by the moisture of the atmosphere. 
Blue lias commences to set in ten to fifteen minutes after being made into mortar. 

All tall structures, as we have already remarked, should depend as much as possible on the 
cohesion of the materials, and gravity, for stability ; and when iron bands, iron cramps, or stays are 
used, care must be tuken so to apply the metal as to run the least risk from contraction or expanaiaii. 
It is customary in erecting chimney shafts to use honp-iron bond every ten courses in height, one 
strip for every half-brick in thickness of ValL The iron should be well tarred and afterwaida 
covered with sand, to give a rough surfSace to which the mortar may readily adhere. In footings, or 
in thick walls exposed to great strains, strips of hoop-iron should be laid diagonally, interladng 
with those laid in a longitudinal direction. 

The depth of the foundation in compressible ground ought not to be less than one-eighth the 
intended height above ground, and oftentimes one-sixth woiUd be better. The base of the founda- 
tion is made at least one-half longer than the base of the shaft, and it is placed as low as the base 
of the foundation of any adjoining wall or building. In doubtful foundations it should be placed 
lower than the foundations of adjoining buildings ; for where this is not the case there is risk of 
accident to tlie shaft, as the smallest irreg^ilar settlement would cause a break in the structure. 
An unequal foundation, part soft and part hard, is bad ; and a compressible foundation of clay 
marl, or shale, unsafe. It is therefore often necessary to enlarge the area by spreading the foot- 
ings, or by using inverted arches to distribute the weight. 

The following particulars will show the amount of care and caution which is required to be 
taken when erecting a cliimney shaft near to any deep excavations. At the London Docks a high 
chimnev which was erected near the pumping engine house, stood on a square of concrete of con- 
siderable thickness, the pumping engine itself resting on beech-piling, and was adjacent both to the 
pumping well, which is 18 ft. in diameter, and to tlie excavation for the lower dock. A plumb- 
Dob was therefore left suspended in the chimney, which would give warning of any inclination. 
Some time after the chimney was built, the plumb-bob showed tiiat the shaft had inclined several 
inches towards the excavation. A quantity of limestone was therefore stacked round the base of 
the chimney, on the opposite side to the inclination, and this brought the shaft back to the 
perpendicular ; but had the shaft not been brought baek to the upright, the first gale of wind would 
protably have blown it down. 

When concrete is employed to form a foundation, it should be spread over such an area that it 
may be sloped at an angle of 45° from the outside of the footings of the walls, down to the bottom 
of the foundation ; and of such a thickness that it will not be liable to oraok under the pressure to 
be put upon it. The proper thickness will of course depend upon the nature of the ground ; 
whether rock, gravel, clay, or sand. As a general rule, a concrete foundation of not less than I ft. 
6 in. in thickness is adopted for shafls not exceeding 40 ft. in height ; an extra 4 in. being added 
for every additional 10 ft. According to this rule, a shaft 100 ft high would have a conotete 
foundation 3 ft. 6 in. thick ; and for one 200 ft. high, the foundation would be about 7 ft, thick. 

Care must be taken in putting in a concrete foundation, not to carry on the work during froaty 
weather, as then a layer of concrete does not become thoroughly incorporated with the previous 
layer. Neither does proper mixture tske place unless the meeting suifaces are kept rough, and 
f^ee from sand : but by sweeping off all sand, and, if necessary, picking the face in ftirrowA, and 
by breaking joint with the layers, water will not run through the mass. 

When concrete is not exposed to the direct action of water, it may be made with Dorking g^rey- 
stone lime, in tlio proportion of 1 of gmund lime to 8 of ballast This lime carries more sand than 
lias, and is but feebly hydraulic. If the soil is wet, or the shaft is of great weight, the concrete 
should be ma<le with hydraulic lime. With moderate hydraulic and common limes there will be 
an expansion of the mixed concrete, conseanent on tlie slaking ; and this expansion should generally 
be allowed for in preparing the site for tne concrete, as it is seldom that the slaking is wholly 
accomplished before the concrete is laid. Blue lias concrete will, in hot weather, expand as mocL 
as one-thirtieth of its bulk, and in frosty weather, about one-fiftieth ; when the expanaion exeeada 
one-thirtieth, the concrete is too rich in lime. 
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A* A mMa of lime aononto Mia •lowty. and u rabjeot to espaiuioD in lettiDg, the modern 
I«*otie« in all impmiant work* ii to dm pDttluid oement instead of lime, w the formar doea not 
eipand, and the coacrete pnidaced u alao etronger. Aooording to tbe reeult of ■ aerie* of 
esperjmentB, tnuisbT Cmwford, for the purpoao of ascertiuQing the heit deooriptiDQ of ooaoiete to 
be placed round tbe foaadatioiK of the river piera at Oorlitz, Prussia, the proportioDs moet tnitabia 
fw fielding a qniok-oettiDg hard concrete were foaod to be as follows ; 22 parts of oement, 32 of 
•and, and 56 of Btonee brolieo to pass throiigli a 2-ia. ring . 

The footioR U an enlarged portion of the wall. Fig. 281, for the pnrpoee o( distriboting the weight 
orer tbe foanaatioo : it is properl; a portion of the wall and not ot the foundation, Ukough it is not 
alwBTa uaj to draw the line belwi!«n them. 
Thenieof tbe [ootinn and tbe modeof forming 
the iocrease to the tLickness of the wall, will 
d^>end npoD oiroaDstances sod the materials 
einplared. For brick footings the i^Jeotion of 
the bottom of the fboting, on each side, shovld 
be at least eqoal to one-half of the thickness of 
tbe wall at its base ; the diminntioo in width 
of the footing should be made hj regnlai' insets, 
and jto height from top of fbmidatioD to bass of 
wall, at tbe least eqnal to one-half of the thick- 
nee* of the wall at its base. Applying this rule 
to the case of a shaft baring walli, at its base, 
2i bricks thick, then the bottom conrse of the 
tboting will be Atb bricks thick, that is to say, 
2} bncka nnder walls and a projection of 1} 
brick on each side. Two-and-a-half bricks 
being about 22 in. in length, one-half of tills 
lengtb, namely, II in., will be the height from 
botLom to top of footings, or ny four courses of 
bricks, with 1 brick inset on each side of wall to 
each coone. When a shaft is to be over 100 ft. 
liigh, increase the height of the footings, making 
it equal tbe thiokness of the wall at its base. 
Bt this means tbe insets ma; be made double 



In erecting a ohimney shaft, especially when tali, the (oallblding should be oarried op wiUiont 
a putlog liole in tbe iia,tt ; that is, it should be perfei>tly independent, to as not to Interfere with 
regular settlement. This can be managed b; cross hradng on each side of tbe scaffolding, and 
angle ties to steady the whole. Chimney shafts when of sufBciently large diameter, are geDetallj 
erected without the aid of exterior scaffolding, the workman supporting himself upon a plaUbrm 
or staging constructed upon supports Bled on tbe inside of tbe chlmn^. Horlxoolal iron ban 
are often built Into the inside, they are placed about 18 in. apart, and form a kind of ladder by 
mean* of which a workman can ascend a sliafl to execute repairs. 

Lightning rods should be made of the very best oondui^ing material, and of a siie suffluent to 
caiTj off the neariest discharge that Is eTer likely to fall upon tliem. Tbe only two oondnoting 
metals which can be dealt with in practice, are copper and iron. With regard to the relative 
oonducting ralue of copper and iron, it was formerly oouaidered that if a tod of topper of given 
"~e be found to be sufficient, then an iron rod, to be equally safe, ought to hare eight times the 
" ' " -'■"-- ' ■--' ■" ' *- ' "- ' ■■- - ■' section^ d' 



•actional area of the former, but Brough has proved that the comparative si 
need only be as 8 to 3. A bar of metal in the form of a flat ribbon has been reoommended from 
purely mechanical reasons, because in this form it is more easily bent, more oonvenieutly attached 
to the building, and is less conspicuous tlian when in any other form. 

The chief conditions to be observed in a liebtning conductor are, that it ihall be of snScient 
•actional area, that it shall be continuous, and that it shall make gooA earth oonlacL It is upon 
the perfection of this ground connection that the value of the lightning rod mainly depends. If 
this De defective, no outer good features can possibly make up for it. 

The end of the rod should be made to teiininate in a layer of soil that is pemtuiently wet, and 
it should eipoee to this soil as large a surface as possible. 

As it is Important that the end of the rod should lie in wet, moist earth, it to advisable to sink 
tlie earth contact of the lightning rod when the foundations ate being put In. A short portion of 
the stem may be allowed to rise above the ground, and the oondnctoi attached subeeauently, 
nround rods should have too or more branches penetrating the earth, and should extend below 
the foundation walls. When it is diffloult to reaob moist earth, the rods should be embedded 
in ehatooal or coke. 

The lightning rod should be attached directly to the ahaft,staplee of stout wire being generally 
nsed for this purpose ; the top of tbe md need project but slightly above the top of the shaft. 

When a shaft bas ^len from the peipendienlar, through unequal subeidenoe id the foundation or 
other cause, it may generally be reeti^ed to an upright p>Dsition by sawing back, the method i4 
performiog which wUl be best nndentood fiom the following account of the straightening of ths 
Townsend chimney shaft : — • 

This ehimnev was, in Beptember 1S59, shortly before its completion, struck by a gale from the 
north-east, by which it was deflected 7 ft. 9 In. out of tbe perpendicular, aud was several feet less 
in height than before it swayed ; but when brought back to the perpendicular it regained its original 




866 CHIMNEY SHAFTS. 

height The deflection hegan at ahont 100 to 150 ft. finom the ground, so that the foondation and 
heaviest nortion remained finn ; but had not the process of sawing been commeDoed promptly and 
continaea Tigorously, the chimney would have mllen ; for during the earlier part of the sawing 
back the deflection was observed to be increasing, but as the operations progressed the deflection 
woB checked, and the chimney gradually came back to its perpendicular position. The sawing 
back was performed by ten men working in relays, four at a time sawing, and two ponrin;^ water 
on the saws ; the work being carried on from the inside on the original scaflblding, which had not 
been removed. Holes were flrst punched through the sides to admit the saws, which were wrought 
alternately in each direction at the same joint on the side opposite the inclination, so that the 
chimney was brought back in a slightly oscillating manner. Tnese saw-outs were made at twelve 
different heights, namelv, at 41 ft, 81 ft., 121 ft, 151 ft., 171 ft, 189 ft, 209 ft, 228 ft, 240 ft., 255 ft, 
277 ft, and at 326 ft. aoove the ground line. The men discovered when they were gaining by the 
saws getting tightened by the superincumbent weight. 

The accident to this shaft was due not only to the action of the gale, but also in a great 
measure to the manner in which the scaffolding had been erected, no provision having been made, 
to allow of its yielding to the pressure which might be caused by any slight settling down in the 
mass of the chimney, and consequeiitlv the pressure which was thrown by the wind on the lee side 
of the stalk, the mortar of which had not oecome solidified, was too great for the scaffolding to 
bear, and caused the splice of one of the uprights to give way. The construction of this scaffolding 
is shown in Fig. 822 ; 6 are the uprighto ; a thick planks which were bolted into the upiiglito and 
extended through the walls on each side ; these planks, which formed the scaffolding, were placed 
about 5 or 6 ft apart vertically, and were tightly built into the walling, 
but had a little space been left over each, the stelk would probably have ^^^ 

subsided uniformly, and withstood the gale ; but this error in ite oonstrno- 
tion was not observed until it was too late to remedy it c are the hutches 
for raising men and materials, one ascending and the other descending. 

The following is an account of the method adopted for straightening 
the lofty chimney shaft at Matthews and Son's Chemical Works, at Pitoh- 
oombe, Gloucestershire, which had. fallen considerably out of the per- 
pendicular, but which was ^restored to its original position by a some* 
what novel process. The erection of a new stack would probably have 
cost something like 800^., whereas this was straightened at about a tenth 
of tiiat cost, and is now stoted to be in as good a condition as a new one. 

This shaft is 132 ft. high, and was built in 1862. It had gradually fallen from its upright 
position, and when testedin 1875 it was found to be 3 ft. 10 in. out of the perpendicular. H. J. 
Taylor, of Nailsworth, undertook to restore it to ite original position by a process requiring no 
scaffolding, and ho accordingly commenced operations, assisted by three workmen. The chimney 
is of an octagonal shape, and the means adopted for straightening it was to cut out one course of 
bricks from five of the sides, and to insert a thinner course in their place, and then let the chimney 
fall back upon the latter and so pull itself upright. For this purpose a platform was erected about 
40 ft. from the base, and the chinmey, which at this point was about 2 ft. in thickness, was out 
through by means of hammers and chisels.^ As the bricks were removed ftom each side, a thinner 
course was substituted, and the intervening spaces were filled with iron wedges. Tlus work lasted 
for about three weeks, during which time the weather was most unfiivourable ; the chimney, however, 
stood through it all, and when everything was in readiness, the wedg«« were withdrawn and the 
stock was brought to within an inch or two of its perpendicular position. It was calculated that 
^ in. would bring over the stack 7 in. at the top, so that it had to be let down about 1} in., and had 
this calculation been exceeded by | in., the stack would have been brought over too far. 

After the sudden accident to the top of the Northfleet chimnev, which occurred on October 2, 
1873, about 160 ft still remained stonaing. The upper portion of this length was in a shattcned 
and dangerous condition, the walls having been cracked, as it appears, by the fall of large quantities 
of brickwork down the inside of the chimney, where they strucK on the series of horizontsLl timbers 
which still remained in the places where they had been used to support the scaffolds. As each 
timber was struck, it doubtless bent with the blow, and the pressure of ite ends against the brick- 
work, combined with the violent jarring produced by the tail, had given rise at many points to 
small but easily perceptible fissures in the walls. The lower part of the shaft, as far as could be 
ascertained, was sound, and it was therefore proposed, if possible, first to throw down the walls as 
far as they were in a dangerous stete, then to take down tne slightly injured part by scaffolding, as 
before, from the inside, and finally to begin building again from the sound part towards the bottom. 
Charges of compressed guncotton were used, and were electrically exploded in the interior of the 
chimney. The first did not prove powerful enough to be of much service ; a somewhat larger 
charge was then exploded higher up the shaft, and though this proved insufficient to throw down 
the apparently dangerous portion, it rent the walls firom top to bottom; here was then no 
object in leaving any part of the work standing, and a third skilfully proportioned charge was 
fired, which oaiued the whole structure, with the exception of 30 or 40 ft at the base, to sink down 
slowly and almost vertically, into a heap of ruins. No iigury of any consequence was done to the 
surrounding buildings. 

It is sometimes necessary to take down a shaft in a crowded neighbourhood, where it is impos- 
sible to loosen the bottom and let it fall. In such oases a scaffold is erected and the shaft tdken 
down piecemeat An ingenious arrangement for facilitating the taking down of an old ohimnej 
shaft, was employed a few years ago at Gilkes, Wilson, Pease and Co.'s works, Middlssbocougb. 

An air-tight iron box was placed at the bottom of the chimaey, this bcuL being fitted with an 
air-tight door, momited on hinges and closing on an indiarubber face against which it was tiglitened 
by a wedge. A wooden spout was then flxea on to the top of the box and carried up to Uie top of 
the chimney ; this spout was 8} in. by 5 in. inside, and was made of planks 1^ in. thick, wdl 
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nailed together, with a little white lead on* the edges, thus making the spoat perfeotly air-tight. 
The Bpont was made in ahont 12-ft. lengths, joined together by oast-iron sockets or shoee, and 
canlked ronnd with tarred yam. A few stays were put inside the chimney to keep the spout steady, 
and steps were nailed upon it by which the men could ascend. The spout being internally } in. 
lar^ than the width and thickness of a brick, the bricks were partially cushioned in their fall and 
amved at the bottom without any damage, As soon as the box was full, the man at the bottom 
signalled fo stop, and then opened the air tight door and removed the bricks which had come down; 
this being done, he again shut the door and signalled to go on again. The man on the top lowered 
his own scaffold!, and as the spout got too high, out a piece off with a saw. If there was much 
mortar adhering to the bricks, it was knocked off before putting the latter into the spout, and it 
was allowed with any small pieces to fall inside the chinmey. The plan is certainly simple, and 
may be employed with advantage in many places. 

The following is a description of the Townaend chimney, at Port Dundas, Glasgow, built by 
Robert Gorbett, of Glasgow. 

The total height of the shaft from foundation to top of coping is 468 ft., and from ground level 
to summit 454 ft. ; the external diameter at the ground line being 82 ft., and at the top of cope 
12 ft. 8 in. The cope is of vitrified tile, it was nmde expressly for the chimney, each piece being 
about 9 in. wide by 3 in. thick ; it is flanged over the wall of the shaft in the 
manner shown in Fig. 823, and it is cement^ at the ioints with Portland cement. 

The foundation, which consists of thirty courses of brick on edge, the lowest course 
being 47 ft, and the topmost course 32 ft. in diameter, was commenced on July 30, 
1857, and it was finished on August 20 of the same year. No piles were used in 
this foundation, as the shaft is built on the blue till or clay, which is as solid and 
compact as rock. On the completion of the foundation, the erection of the shaft 
was proceeded with until November 11, which closed the first season ; but the 
work was suspended during the interval between September 3 and October 5. The second season 
commenced on June 10, 1858, and closed on October 16; at which date the stalk had attained a 
height of 228 ft. The third and last season commenced on June 3, 1859, and the coping was laid 
on October 6 of the same year ; but the work had been suspended ^m September 15 to October 5, 
in consequence of the chimney swaying; and during this interval it was restored by twelve 
cuttings with saws on the side opposite to the inclination, in the manner previously described. 

The inside lining or cone is of 9-in. firebrick, and is about 60 ft in height ; it is built distinct 
from the chimney proper, with an air-spaoe between, and is covered on the top to prevent dust 
falling in, but it is built wi^ open work in the upper four courses, so as to allow of air passing 
into the chimney. 

The size of the bricks used in the construction of this chimney was 10 by 4 by 3) in. ; they 
were made specially for this ^aft, and the number consumed was as follows ; — 

Common bricks in chimney 1,142,532 

Composition and firebriokd in cone 157,468 

Total .. 1,300,000 

The bricklayers' time was : — • 

In 1857— 316 days of 10 hours each. 
„ 1858-431J 
„ 1859-4231 „ „ 

Giving a total of 1171 days' time occupied in building the chimney, or an 
average of 1 110 bricks built by each bricklayer a day of 10 hours. 

Brides this number of bricks used in the chimney, there were also 100,000 used in con- 
structing the fines; the total number of bricks laid in chimney and flues being 1,100,000, the 
weight of which, at 5 tons a thomiand, equals 7000 tons. 

Iron hoops were built into the thickness of the shaft at intervals of 25 ft. in height ; at the 
bottom they were put at a distance of 9 in. from the outer surflBioe of the walling, and at the top at 
4^ in. from the surface. 

The thickness of the wall of this chimney varies as follows ; commencing at the ground level ;— 

The First Section, 30 ft. in height, is 5 ft 7 in. thick. 

„ Second „ 30 ft „ 5 ft 2 in. „ 

„ Third „ 30 ft. „ 4 ft. 10 in. „ 

„ Fourth „ 40 ft „ 4 ft 5 in. „ 

„ Fifth „ 40 ft „ 4 ft Oin. H 

„ Sixth „ 40 ft „ 3 ft 7 in. „ 

„ Seventh „ 40 ft „ 3 ft 2 in. „ 

„ Eighth „ 40 ft. „ 2 ft. 9 in. „ 

„ Ninth „ 40 ft „ 2 ft 4 in. „ 

„ Tenth „ 52 ft „ 1 ft 11 in. „ 

„ Eleventh „ 52 ft. „ 1 ft 7 in. „ 

„ Twelfth „ 20 ft „ 1ft 2 in. „ 

Total .. .. 454 ft. from ground line. 

The height originally contemplated for the chimney was 450 ft. ; but when about 350 ft up, it 
was proposed to add about 35 ft. to the original height, making the total height 485 ft ; hence the 
increased height of the tenth and eleventh sections ; on the completion of the eleventh section, 
however, this idea was abandoned, and therefore only 20 ft were aoded of the last thioknessi; 
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The concrete chimney shnft, Pigs. 824 And 825, wm erected In 1878 for the Eirer Wear Com- 
mlnionen at tlieir chain teatlng worki, at the South Docks, Sunderland. The shaft ii enrried 
Dp Moore antil it ia well clear of the roof of the testing houae, the oatside dimeuRioo* being 7 ft 
6 in. by T ft. 6 in. by 22 ft. 3 in. in height, and the interior dimeniioaa 4 fL square ; the whole of 
this portion is lined with 9-tD. ilrebriok. At tbia letai the oomera are gradually taken off the 
■qoarebaaenatil, atlheheightof 2ifL9in. above the mrfam of the gioond, it is biooght into the 



octagonal form of the tapering portion of the chimney. Thb octagonal and tapering portion of the 
ahaft. in which the difficulty of the woik chiefly centred, waa moolded in the folloning manner. 
Panels 3 ft. in height. Figs. 826 and 827, were formed of |-[n. boards, hinged together io pain at 



e point in the centre at half the height of this section of tbe chimney ; the 
iDtenneaiate apace oeing made np by a wedge piece. These panels were placed on the inside and 
outside of the chimney, aud the concrete ponred in between tliem. After tbe concrete had set, 
the wedge pieces were taken out and reduced, to meet the decrease In site on the neit lift due 
to the batter: the amount of this reduction being just sufficient to take off. on one side of the 
wedge piece, the bolea for Ihe stud bolts, which connected it to the upright members of the ftaoM. 
When the stalk of tbe chimney had been carried up to tbe half of its full height, the paceU wei« 
■ufflciently reduced to admit a second set of iiitcrmedinte wedges, of exnctiv the same dimeruians M 
those introduced at the level of the base mould, thus bringing Ibe inner edgee of the redneed panoU 
into one point at the centre of tlje top of the chimney, in a manner similar to that in nbioh, at Iheir 
original dimcneiona, tboy had been brought to|i:etljer at half itn height, and so aObrding a teal of 
the accuracy of tlio work ; for the upriglits being 6 ft. in length, and always being moved with 
the panels, which were onc-tiairof that height, the former hjid a continual bold of 3 ft. on the 
completed portion of the work, and by this arrangement regolarity in line was ensured. The 
chimney nbcn completed was stuccoed with cement, and dnwn io courses to imitate stone. 
Tbe concrete was mixed in the proportion of ons part of Portland cement to Sve of gravel. 

The chimney shaft. Figs. 828 to HSl, waa erected in 1R62 at tbe works of the Sinitb Hetropo- 
litan Gas Companv, London. Fig. 828 is an elevation. Fir. 829 a section, Fig. 830 a aeeUanal 

K' in at l)>o ground level, end Fig. 831 a cross section at me level of the top of tbe bn ttiu as w . 
e shaft is uonatructed with a square flue, S ft. in diameter, the interior being straight and panJlel 
l>om bottom to top. The walla of tliis flne are only 14 in. in thickoesa throughout the wbcde of 
their height, the neccehary strength and stability being given to the ohlmneT hj mean* of 
buttresaoa, which are built on each of tbe torn sides. The chimney ts lined with flrobrl^ (k«a 
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bottom to top, the firebricka being built in vitb tbe sbxikB, in altornate courses of hcadera and 
atretchen, so that tbis lioius ia allernaielv 9 in. and 4} in. in tbiokneas. Tbe number or brjolca 
oaed iu the oonatiuctioD of the abaft waa about SO.QOO ; its total beight nboTO tbo ground leiel being 



» 



» 



108 rt. The cap ti of east iron, and weighs 9 tons: and the tap of tbe «3T. 

cbimoej is floiahed with a copper rim oDe-eigbth of an inch thick. 

Another design orchimoe; shaft is Figi. 832 to WH. This is erected at 
the West Philadelphia Workabops of tbe Peiins;lyaDisn Bailroad, U.S. ; 
it is 121 ft. S in. Ill height above tbe giomid lerel, and is built of brick 
npon a stone foundalion, the ct^ being of cast iron. In plan the sliaft ia an 
eight-pointed star, resting upon a circular base : the pomta of the atar are 
bnilt holknr, and are provided with air-openinga at the lop and bottom of 
tbe cbimnof. An inner lining, 1) in. thick, mna fmm bottom to top of the 
flne^ but is not bonded to the rest of the brickwork ; and ttiia lining to 
aboat a foarth of ita height is of flrehrick. Fig. 632 ie an elevation, 
Fig. S33 a sectional elevation, Fig. 831 a plan at top of circular base. 
Fig. SS5 a section at aboat 20 ft. above the ground level. Fig. 836 a 
section jost below tbe springing of the cap, and Fig. 887 an enlarged 
section of tbe cap 'and corbelling. The diameter of this aliaft ia at its base 
13 H. ; at the springing oF the cap, the oorbellinK of which commeDcee at 
102 ft. above the gronnd level, the dianeler is 8 it. 9 in., and the eitreme 

diameter of the cap 14 ft., the interior diameter of tbe fbxb, tbe aides of which are parallel and per> 
pendienlar, being 4 ft. 

COAL CLEANSING AND WASHING. 

The proportiOD of large ooal to small which is obtained from an; aeam, varies, under limiJar 
conditieos of working, in inverse proportion to its hardneea ; with Iiard-ate«m or anthracite, this 
pmpOTtioii will generally be amall, bat with the ritb bitnminous coala, the proportion will often be 
•• high as 50 per cent of small, while in the Belgimu ooat-flelda, where the coals ate ver; soil, the 
proportion of large averages only about 40 per cent, and often Mis as low as 30 per cent of the 
total quantity holed, tbtis giving an average of 60 to 70 per cent of small. 

Tbe smaU coal when deoD is chemically and intriosically as valoahle a« an article of Aiel, 
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as the large, the only difference heing in the mechanical oonditionfl under which it exists. Bat 
when sent to bank this duff or slack, as it is technically called, through carelessness in loading the 
tubs and from other nnavoidable causes, generally contains a laige percentage of impurities, snoh 
as shales, iron pyrites, carbonate of lime, and carbonate of magnesia, which render it totaUy unfit 
for use, either in blast furnaces or other metallurgical operations, or for the manufiictureof coke ; lor 
all of which purposes it is required that tiie coal shall be of as pure a quality as possible. 

Several plans have from time to time been devised for efifecting the separation of these impurities 
from the coal ; but most of them have failed to accomplish the object sufficiently well, without 
incurring a considerable waste of fine coal, heavy cost in wages, and the fouling of a lanpe quantity 
of water. This last objection has been a very serious one, and in many places, on wis aoooont 
alone, coal washing has oeen abandoned, oonseouent on legal proceeding baring been taken against 
colliery p^Jpriotors for polluting the streams ; out by filtration this objection has to a great extent 
been overcome. 

The oldest method of ooal washing, which is still largely employed in the Lancashire, Torkshire, 
and other north of England districts, is the sloping trough, which consists of a wooden trough 200 
to 500 ft. in length, and varying in width, in different districts, frota 18 in. to 8 or 4 ft., and haviiij; 
an inclination ranging from 1 in 70 to 1 in 48. The ooal to be washed is fed into the upper end, and ia 
gradually carried forward by the action of a continuous stream of water. At intervals of 10 to 90 ft. 
steps or traps, about 3 or 4 in. high, are placed across the bottom of the tzoa(^ to intercept the 
pyrites, shale^ and waste, which, by their superior gravity, fall to the floor of the trough, the apecifio 
weight of shale being 2*7205, and that of coal but 1*4696, and when these tmpB get fiUed up, a 
slide or door immediately underneath is opened, and the impurities drop out When the ooal 
reaches the bottom end of the shoot it passes over a peribrated plate of copper or tine, through 
which the greater part of tlie water passes, carnrin^ with it some of the finer particles of the ooaL 
From this plate the coal is delivered into tubs, navmg perforated bottoms, in oraer to allow as mudi 
of the water as possible to drain away. This water, together with that which drains through the 
plate at the end of the trough, fiows into catch ponds or settling pools, in which the fine coal 
oecomes deposited, and from which it is periodically removed, and conveyed to the coke ovens. 
These ponds are generally from 20 to 30 ft. square, and about 4 ft. in depth. Sometimes, instead of 
the traps, square holes are left in the bottom of the troagh, and below these openings boxes are 
constructed, in which the impurities collect in the same manner that they do behind the steps, and 
from which they are removed by a similar contrivance. 

The length of trough over which it will be necessary to pass the coal, in order to thoroughly 
wash it, as also the amount of inclination which may be given to the trough, will depend upon the 
nature of the impurities ; that is, upon the difference between their specific gravity and that of the coaL 
For instance, when there is a large proportion of shale, it will require to be passed over a long 
trough having a very low angle, but when the impurities consist mainly of iron pyrites, the length 
of the trough may be considerably reduced, and the angle of its inclination increased ; so that a 
given quantity of the latter coal would be cleaned in a much shorter time than the same quantity 
of the former.' 

The coal-washing apparatus employed at the Ince Hall Colliery is constructed on these prin- 
ciples, and consists of a line of spouts attached at one end to the slack or duff hopper of the nut- 
screening apparatus, which are continued to each row of coke ovens, or if necessary to each oven. 
By means of valves worked by an attendant, who is stationed near the coke ovens, water and slack 
are admitted, together or separately, as required, into the spouts at the end attached to the nut- 
screen. The distance from the screens to the ovens is about GOO ft., but this distanoe ooold have 
been doubled with advantage. 

The spouts are arranged as follows ; — ^From the screen for a distance of 275 ft the troagh is 
about 10 m. by 10 in. inside, and is fixed with a fall towards the ovens of 1 in 18; the next 40 ft. ia 
10 in. by 10 in. with a fall of 1 in 24 ; and the next 70 ft., 23 in. broad by 10 in. deep and fifclling 1 in 
24. These spouts are supported by single upright poles which are plaoeid at intervals of about 60 ft. 
aiMU't, the centre of each length of trough being held up level bv wire-rope suspenders or guys, 
reaching from pole to pole, in the manner shown in Fig. 838. At a point 326 ft. tnm the slaek- 
screen there is a valve m the bottom of the trough, which when opened, the slack being previously 

838. 




shut off at the screen, allows all the dirt and reftise that may be deposited in the spout down to this 
point, to fall into the dirt waggon beneath. Fifteen feet lower down there is a dam formed of a 
piece of wood 3 in. deep, which arrests the progress of any of the lighter particles of dirt which do 
not settle higher up the spout. When the dirt collected behind this dam reaches to the top of the 
piece of wood, a second and afterwards a third piece, each of the same depth as the fint, is inserted, 
and when the accumulation of refuse attains this depth, a valve in the bottom of the spout is 
opened and it is allowed to fall into the dirt waggon which is placed beneath, and the two upper 
pieces of wood are removed from the dam. At a puint 24 ft. lower there is again a dam, fotmed by 
a similar piece of wood, which secures any stray pieces of dirt that may have escaped the obetruo- 
tions higher up ; and 31 ft. nearer the ovens there is another loose dam 2| in. high, and at this latter 
point there is a valve to let out the diri from both these dams. 
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Theiqnantitr of Arley Mine slack washed daily is 120 tons, yielding about 6 per cent of refnae ; 
the ijnantity of water required being abont 80 to 90 gallons a minute. The attendanoe to the 
washing department costs three shillings a day, or three-tenths of a penny a ton on the slack. 

The advantages of this mode of washing small coal are simplicity of arrangement, the chief 
requisite being a copious supply of water, economy in first outlay, and in cost of working and 
upholdiug, the spoute, dams, and yalyes being simple in design and not di£9cult to keep in order. 
Tnere is also a considerable economy in the carriage of the slack by water as compared with 
ordinary modes of transit, the difference in this case bdng greatly in favour of this arrangement ; and 
it is effideiit, the cleansing of the ooal beinx complete and the qualilrjr of the coke greatly improved. 

In an example of coal washing on the aoove system in Wales, the length of trough over which 
the ooal passes is only 240 ft. ; the quantity of coal wac^ed a day is 70 tons, from which about 
8 per cent of shale is removed. The cost in labour is equal to about three &rth!ng8 a ton. In this 
case the water required for washing the coal does not require to be pimiped ; when this is not the 
^aae, the cost of pumping will considerably increase the cost of washing as here given. 

Morrison's ooal-washing machine oonsisto of a cast-iron cistern 9 ft. long and 3 ft. 6 in. wide ; to 
the back end a cylinder is fixed, in which works a piston, and this cylinder is connected at the 
bottom with the inside of ihe cistern. The front end of the cistern is made lower than the back, 
and it is fitted with a spout for conveying the washed alack to the waggons. Towards the top of the 
cistern Ib a false bottom composed of a perforated plate of copper, whion is supported by a cast-iron 
grate ; this false bottom is stopped short a few inches from the front end ot the cistern, and over 
the opening thus left there is a plate extending from side to side of the vessel, which can be 
lifted by means of a handle; and this plate rests partly upon the false bottom. The water to the 
machine is supplied by a pipe and cock, and meete the coal to be washed as it descends from the 
spout 

Tlie cistern being filled with water, and the material to be washed resting on the perforated 
fiilse bottom, the reciprocating action of the piston in the cylinder forces the water through the 
perforations in the iiuse bottom, causing the heavier particles to descend to the lower parte of the 
mass, while the pure coal, being lighter, remains at the top, and^is carried by the stream of water over 
the front end of the cistern, down the spout, and into tne waggons. When the dirt on the false 
bottom has accumulated to a certain thickness, it is cdlowed to fall into the bottom of the cistern, by 
raising the slide or plate above described. In the bottom of the cistern is fitted a second slide, 
which is opened occasionally and allows the dirt to drop out on to the ground, and from there it is 
filled into waggons and conveyed to the dirt-tip. 

At Coxhoe, Lancashire, the cost of washing, with a Morrison's machine, was about three half- 
pence a ton. The percentage of loss depends on the purity or otherwise of the coals, and on their 
size. Duff, for example, of the Hetton seam, loses about 22 per cent., pea^mall and duff about 18, 
and rough small 14 per cent. 

Kin^wood's washer is a double Morrison, arranged so that the dirt which falls to the bottom 
of the cistern, instead of being allowed to drop out upon the ground, is conveyed by elevators to 
a convenient point at the side of the machine, where a waggon can be placed to receive it. 

The principle objection to these machines oonsisto in the intermittent action of the piston ; for 
while the downstroke forces the water up through the perforated plates, and causes the material 
that is to be washed to be held in suspension, so that the substance of the lighter specific gravity 
may be fioated away, the upstroke creates a vacuum, and this brings the material down on the plate 
again. If a continued upward force were applied the machine would do double the amount of 
work. As a means of overcoming this objection, it has been proposed to shorten Uie stroke of the 
piBton, or to run the same at a hign speed, where the latter is available. If the water were supplied 
from a good head, through a series of small pipes, it would obviate the use of pirtons, but more 
water would be required. 

Green and Bell's coal-washing machine oonsisto of a trough with a breakwater, and a door 
hinged at the bottom end of the trough over the refuse hole ; and of a series of rakes which are 
worked by means of a crank, and a connecting-rod fhmi any motive power. The dams and rakes 
are lifted by a handle and bell-cranks, the fulcra of the latter being supported from spars ; and 
the bottom of the coal and refuse spouto are each provided with wiro gauze to allow the water to 
pass into the ontlet. The coals to be washed are put into the hopper, the door is opened to admit 
the coals into the trough, and at the same time water is let in hj opening a cock, the water 
carrying the coals along the troughs. The coal, assisted by ihe action of the rakes, and being 
lighter than the oonteinea impurities, is carried along the spout, over the dsins,and finally over the 
end of the spout into the coal waggons. The foreign bodies are obstructed bv the dams, and when 
these are silted up, the coal is shut off, and the rakes are thrown out of gear by means of a handle, 
which lifte the connecting-rod from off the lever of the rocMng-shaft ; and the dams, rakes, and 
refuse door being lifted simulteneously by the handle and bell-cranks^ the water washes down the 
trough all the foreign matter, which falls through the refuse hole. 

At Maesteg, neur Bridgend, Shepperd's coal-washing machine is in operation ; it is shown in 
side elevation. Fig. 839, and in section through the washing and settling chambers, Fig. 840. 

The ooal to be washed is delivered into a hopper A, from whence it is passed through a pair of 
rolls, and is then elevated to a screen B, by which the fine or dust coal is removed, and the 
remainder screened into three sizes, each size falling into a separate oompartment, where it is washed 
by itself. The coal should be washed as soon as possible after being raised, as the coal dust when 
newly raised is nearly all pure coal. The shales come out in small cubes, or fiakes, which will not 
pass through the fine wire that allows the dust to escape ; but if the ooal be kept long exposed to 
atmospheric infiuences, the shales will decomposeb a good deal of them be reduced to powder, and 
some portions dissolved ; whereas when fresh wrought the short time during which the coal is 
subjected to the washing is not enough to dissolve these shales, and they axe passed off with the 
pyntes and harder subetances. 
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After wuliiDg, the coal ttHa into a trough C, vhere the water u dnined off, and ftom whence 
the coAl U diachwed into a waggon or hoppor. At the Ujnvi Worka tlie foul water flows into • 
aettling pood, to allow the fine coal to lulmde : Ihe water ia then returned to the machine b; a 
oeotrifugal pump, and is used orei agaiD. In other exumplea of this machhie, MttUng ponda am 



d with ; a chamber D, Fig. 8*0, being added to the machine, and bma thia tlie wata u 
returned for use thraufth the valves v without pamping. The waehed cool is paased from tliii 
ohamber, b; means of the endless ecrew B, into the trough C, and ftom tbeooe it is raised by an 
elevator having perforated buckets, and depoailed in the shoot E, from whence it pa«aea into the 
ooal wagons. These perfunted buckets allow the vrater to drain from the cool and mn back into 
the machine, and consequentlj tliere is no discharge of 
fonl water; and a very aiaalt quantity ii therefore ro- 
qnired to keep ihe maehitie in action, only just enough 
to cumpenBit« tor that nhich will not drain off fi^ 
the coals. This arrsngement lemo* e« one of the gre«teet 
objoctiona to the use of coal-waabing maohinea. 

After the screening and separating of the coal into 
various sizea, the sluice valves F, through which the 
mbbish passes, can be regulated, so that the opening in 
each valve may allow it to pess out and not tlie cosl, as 
would be the case if small coal and large mbbiah were 
in the same box. The shale ia convoyed to the side of 
the machine by the st^rew B, and it discharged into the 
tnm from the shoot T. The quantity of slag or shale 
removed varie« considerably, depending upon tlie 
amonnt mixed with the small oi«L F<iurteen per cent 
has been removed by this process, wliilst the quantity 
of small ooal which pnstied away with the shale was 
very smell, and in e^iamining these particles it was 
found that they generally had riffles of pyrites attached 
to them. The quantity of smalt onel carried off by the water, and collected ii 
varies from fi to 8 per cent, of the totul qoantity passed through the machine. 

It has been found from eiperienoe tliat the smaller the coal tlie more dense the coke nude frna 
it, and thus it became desirable lo attach crustiing rollers, which in the ease above tnentioDsd 
are set to a |-in. gauge, through whioli all Ibc coal passes. It may be desirable to cmsh some 
ooals finer tnan others, but us the rollers delemiine the quantity of ooal paaaed through tha 
machine, and the rogulatiou of the proper qnaclity of coal to each compartment, the |-in. gaoga 
has been found to aniwer the purpose b«st in the above instance. A jigging aoieeD has also been 
attached for the purpose of separating the ooal suitable for each compartment ; the olsMea iota 
which the coals are separated are nuts, scronda, and small, and by this division the quantity ot 
water required for the separation of the sliale from each class of ooal can be more easily regulated. 
The very fine dust is passed over without washing, as il was found that whilst warlang withmt 
sereeos the small dust bad to go into the bashes with Ihe rest of tlie coal, and was oamed off bv 
the water to the settling ponds, and these latter, therefore, became much more rapidly filled with 
■nail oosl than when the screens were used and the dust paased over unwaahed, 

The ooet of working this mai-hine is a trifle over Sid. a ton. This eoat dors not htclode 
the labour employed in putting the small coal lo stock, or taking it tram the stocked ooal, if soch 
has been found necessary. 

Aa regards the continued using of the some water, it bat been proved by ezperimeDtt made by 
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Howe, at the Clay Crofls Collieries, that there is a great advantage in so doing ; for the cost of 
washing was there reduced from l(>*S8d. a ton of clean ooal delivered from the apparatus, when 
the water was allowed to run away, to 12"65d, a ton, when the water was used over again after 
having passed through the settling ponds. 

Figs. 841 to 843 relate to Shepperd's machine for washing breeze and sfihes, and is con- 
structed on the same principles as the coal-washing machine. Fig. 841 is a side elevation, Fig. 842 
an end elevation, and Fig. 843 a section through &e machine. 



S41. 



842. 




The clean breeze at each stroke of the piston A, is carried on to the perforated plate B, through 
which the water drains to the settling chamber G, and from thence it passes through the valve V, 
into the body of the machine D, to be again forced through the abhes ; so that a continuous circula- 
tion of the same water takes place. The clinker, as it accumulates on the false bottom £, is 
removed through a sluice in the sume manner as the shale in the coal-washing machine ; it is then 
carried to the side of the machine bv the action of the screw 8, and from there it is raised by tlie 
elevator F, and discharged ; the buckets of the elevator are perforated. The clean breeze deposited 
on B, at each stroke of the pbton, is removed bv the brushes G, and passes down the shoot H into 
the waggon. The brushes 6 are so arranged that the breeze deposited on the plate by one stroke 
of the plunger, is cleared away by a brush before another lot is forced forward by a succeeding 
stroke ; the perforated plate is thus kept alwavs open and so allows the water to drain quickly 
away. The quantity of water required to work this machine is very small ; and the power required, 
with screen and elevator, is only about 3 to 4 horse-power. 

Figs. 844, 845, and 846 are of Berard's machine. Fig. 844 is a side elevation, Fig. 845 a front 
elevation, and Fig. 846 section. The coal to be washed is discharged into the hopper A, and from 
there it is raised by an elevator, making one complete revolution for every seventy-four strokes of 
the engine, and from which it is worked by means of a strap and wheel gear. By this elevator the 
ooal is deUvered on to the inclined plane B, into the four troughs ; each of these troughs is 6 in. 
wide by 6 in. deep, and has at its end an opening 10 in. long by 4J in. wide, which is situate 
immediately over the centre of each of the washing compartments D. A stream of water reg^ulated 
by a |-in. tap washes the coal along each trough until it drops through the openings into the com- 
partments D, each of which is 5 ft. 8 in. lon^, 3 ft. 3} in. wide, by 1 ft. 6 in. deep ; the bottom of D is 
rormed of a copper plate -^ in. thick, which is perforated with holes -^ in. in diameter and •!■ in. apart 
from oentre to centre ; ana this plate is supported by the cast-iron frame E, to which it is fastened 
by forty-eigiht ^in. bolts ; the plate G is to prevent the coal being washed too readily over the ledge 
H. A pipe J, of 1| in. diameter, conveys water to the under side of the perforated plate, the quantity 
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beinK raenkted b; the lap K. A pfaton F, 3 ft. In diuneter, f 
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shale after poaBing through the opening at F alides down the inclined side of the chamher N on to 
the Taltes O, which are from time to time opened to allow of itd egress, it then passes over the 
screen 8 and is washed away to the rubbish neap ; in its passage over S, any small coal which 
may have passed through the perforated copper plate, or been allowed to escape by the slide 
valve F, is received in the tram T, and is used for calcining ore. 




The engine for working this machine has a cylinder 12 in. in diameter, 16 in. stroke, and makes 
sixty strokes a minute, with a steam pressure upon the piston of 83 lb. a sq. in. At this speed the 
machine washes 15 tons of coal, and requires 18,800 gals, of water an hour; 4400 gals, being 
required to wash the coals along the four troughs, and 14,400 gala under the perforated plates; 
the level of the water in the reservoir being 27 ft. above the level of the pipe U. 

D being partially filled with unwashed coal, the water is turned on under the perforated plates, 
water also flowing along and into D with the incoming coal ; as the pistons P descend they force 
the water through the perforations in the copper plat^ and so lift the whole mass of coal in D, the 
impurities descend and rest upon the plates ; and this action being continued the coal fiUs up D 
and is washed over the ledges H, slides down the shoot Q into the tram T', and along the trough U 
into the tram T". These trams soon fill with coal and water, and as the coal continues to fall into 
them the water flows away over the top of the tram ; this water is conveyed by pipes to a catch 
pond, 100 ft. lung, 6 ft. wide, and 2 ft. deep, where a portion of the flner particles of coal carried 
away by the water is deposited ; after overflowing this catch pond the water is caught in a second 
of the same dimensions, and from this it is idlowed to flow away. When it is found that the shale 
has collected to a depth of about 6 in. on the bottom of D, the slide valve F is lifted by the atten- 
dant, and it passes into the chamber N. The loss of coal in washing is from about 10 to 12 per 
cent, when weighed saturated with water ; and there id a further loss of 8 per cent, when weighed 
quite dry. 

The cost of working is about 4d, a ton. At the Park Colliery, Tondu, 1869, they had washed 
1924 tons of coal with Berard's machinery, at a cost of about 3*84</. a ton. The machine, when in 
full work, waahed 200 tons of coal a day of ten houn; 6241 gals, of water an hour passed through 
the oatoh ponds from the machine, and eacl^ gallon of water contained on leaving the catch pools 
103*8 grains of impure coal in suspension — 92*2 lb. ; the coal suspended in the water was sepa- 
rated for ezaminatiun and estimated by flltration, a portion was burned in the muflle and yielded 
25*91 per cent, of ash. The 92*2 lb. of coal carried away by the water an hour, multiplied by 10, 
the number of hours which the machine worked to wash 200 tons = 922 lb., and this divided bv 
200, the number of tons of coal washed = 4*61 lb. of coal carried away to the ton of washed coaL 
or * 21 per cent The fine ooal left in the catch pond, waa of a very impure quality, and contained 
as much as 10* 13 per cent of ash. The block or large coal from which this small was separated by 
screening contains 2*27 per cent of ash, but in working the coal there becomes mizea vrith the 
small, from a variety of causes, a large quantity of rubbish, which raises the ash in the smidl ooal 
to about 11 per cent. The coal lost with the rubbish that is taken out of the bottom of the machine 
at the valves O, Fig. 846, is but trifiing. 

Biviere's machine is shown in Figs. 847 to 849; Fig. 847 is a longitudinal section, Fig. 848 a 
side Novation, and Fig. 849 a phm. It is an adaptation and improvement of several ezistinff coal- 
washers. The body of the apparatus and the pi»ton may be constructed either of wood or of elieet 
iron ; in the figures the apparatus is shown as it should be when made of wood, and the pirton of 
sheet iron. 

The water is introduced below the screen or into the compartment of the piston, and the 
supply regulated ; the coal enters the hopper 0, and the coal dust to be washed between the grating I 
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ftnd the slide K. By introduciiur ^^^ °°aI ^ be vaabed into C, with regnlarit; and in mall qnui- 
liliet at a time, the gate K may be entirely tviaed, and the washiDg proceed the whole length of tha 
conttary, the coal it iuppUod irregolsrly, or in large quaDtlties at a time, the 




not penelnte tbe ooali too nneb The ilide M, wh ob u nored lij bmuh of raoki in the same 
iMUtoer aa K. inoKaseaordimiDuheaatwlll thethiokiMMof thelayerof eoaltnbmitted toiraahing 
on the screen ; tbia slide forma its movable oierfall, and eirendt the «bole width ot tlie tank. In 
the compartmeiit D, an endleee screen rfcoaveys the shale into the aoinpartment D", from whenoe it 
is carried away by an elevator D'. The ihnle paaaea into tlie compartment D by the openinn <f, 
which are opocd or shut by meana of a slide working in grooves and moved from the ontade bj 
means of a handle if", which forme the extremity of a galde rod, sliding in a Btnfflng-boi. Tbe 
grating N, in the tank E, aerreB (n retain the fleeting refuse which would pass throngh the grating L, 
which corresponds with it, with tbe eiception that the bars of the tatter are wider apart. T)m 
partition O, whiob, with tbe exception of the sloping of the sides in the upper portion, extendi 
over the whole width of the tank, raciiilates io front the depositing of the (mall oosl with tbe 
w&shed cool, and preventa the elevator buckets evorbecomiog overcharged with waihed coal.whioh 
may at times be produced in eioesa ; iti loweat oosition most be determined l» experience. Tbit 
partition con fines the agitation prodnced by tbe buckets; the openingi o" permitting the imaU ooal 
to pass into the compartment, bnt not to pasa ont, because there is no aide rnrrent of water, or 
rather, because there is one which passes from without into the oompaTtment O, to leidaae the 
watt:r cnrricd away with the washed coal by the bnckets. The partition e extendi over Ute whole 
breadth ot tbe washing machine ; It is oarried a little hisher in R and B' than in tbe oomparfaiwat 
O, where it is limited and continued by the separate bottom of the e)e*at« oage. BetWMBf 
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ftnd the trongh there kie two oompartmenti, F and F*. F reoeivM tbe onrreDt of ir»tei in iU upper 
part OD tno iides; that which pauea thrangb B, Fig. 849, U received b; the opeiiiiig P', end 
throngh R', by an opening, whioh u above the botlotn p. Fig. 847, nod laterally under the 
bottom of the c&ge. f" ia separated from F by the ountlnuation of the partition which limita the 
oomnartment R', and been a claok, which oloeea tbe pipe I. Id the upper portion this oompurtment 
ia ahot by a moTable bottom, which Bcrvea to fix and examine the ralve to which, if needful, a 
weight ia added U> facilitate it» Bhutting : and for the aame puriiosa tho ctaok Beating ii fixed at 
a alight angle &om the Tertical. 



When the piilon B, Fig. 847, ii lilted, the auction ptoduoed openi the clack valre, and a current 
ia eatablLihed by the return water pipe I, from the laak B, at the lower part of tbe took A, 
nnder the pietrai B and the screen a. When the piston descends the preasnra closM the Tklve ; 
the repelled water traverses the screen, lifts the ooal, claases it, and oarriea with it the apper 
layer of washed ooal into the tank E, where it is deposited, and from whence it is lifted by the 
cliain buckets into the hopper G, nnder which the tmotu are placed to be filled ; tbis hopper Is shut 
in front by a door hnng on hinges, which is so arranged as to be opened at will, and o»Q be shot by 
pulling a long handle when there is no truck below to receive the ooat, which is thna thrown Into 
the hopper for a time, and Htoppaees avoided. Tlie position of the track which reoeivee tbe 
shale at the side of the washiag macbine Is shown in ontliiie in Fig. StS. 

As the production of the machine may vary, acoording to tbe nature of the coaI whlcli is being 
WHSbed, tbe nomber of piston strokes a minute, the position of (be gates K and H. and from 
othercsasas,palleysof different diameten V, V" have been provided, In order to Increase or diminish 
the relative speed of the chain buckets E', and tbe same might be done (at tbe pulleys o', c". 
The pulley V, which is attached to a loose pulley, receives the power for driving the washing 
machine, and the shaft which oarries this pulley and the cam J may at times be convtni- 
eotlv made the driving shaft ; in which rase the pulley V waiilil be nseless, and the loose pulley 
would be by tbe side of the pnlle; V" or of the pulley V'. When it is desired to slof) the work of 
the piston, irilhout stopping the movement of tbe cam, the bolt u is drawn when tlte piston is at the 
bottom of its stroke, and the oock i is lowered. A speed of thirty to furty strokes a minnte it a 
good medium speed for this machine. 

The gate S' is provided for freeing the chain for lifting tbe cool when it has beoome 
Mcidentally entan^cd; it serves also to empty the tank Ewhen necessary, which, however, is very 
seldom. The gate 8 may serve to empty the gilt from the tank A, but most gener^y it is preferred 
to let tbe silt aoenmulate in the tank, and then to empty the water through a hole, made below the 
piston in the bock of the washing machine, which is closed by a woodi^n plug. Tho water having 
run out, the door U is opened, and the silt removed and faeapod aside, to be passed during 
working behind the special gniing L. The gate T uetyem to empty the compartment F. The 
emptying gates are controlled by means of a rod with screw and flyer. At the end of the oom- 
paHment F' another imall gale or opening is placed, whioh ia shut by a plug, and throngh which 
tbe water may be emptied from the lank A by means of the retnrn water pipe. When tbe 
washing machine is built on masonry, it Is well to have a canal H round it. In order to clean 
the return pipe I, one oF the head joints ia opened; the escaping water deans it snffloiently, 
flSperiHllv if the introduotion of water into tbe washing machine ia continued for a few minute*. 



and if the ailt is stirred. It will ausoer tbe purpose simply to take out the plug of t 
compartment F'. In any case, in order that 11 may be easy to open and dose the head joints, they 
are kept shut by eye-bolts and keys ; but as this pipe does not get choked, it seldom requin* 



oleaniog. 

This machine is stated to work with great eoonomy, and to prodace good teeolls. 

In Harsanlt's coal washer the body of the machine consuta of a large oak tank, 6 fL long, 
10 ft. wide. Bod 24 n. dwp ; open at the top and with sliding doors in the bottom, by mrttna of 
which the alimaa can be discharged witbont stopping the action of tbe maohine. Above the tank 
an inverted hydraulic cylinder is fixed, to the piston rod of which is attached an iron care. loft, in 
heigbt ; the ends of this cage are left entirely open, (he bottom being formed of an ordinaty ooal- 
wnsbing sieve; on the closed sheet-iron sidee there are flxetl, one above BDother, a aeries of 
horiiootul ledges, on wliich slide three rectangular wooden thimes, BttiDg loceelv within the oage, and 
made like drawers without bottoms, the depth of each fisme being determined by (he nature of (be 
coal (o be washed. Thiscage slides betvreen guides, which am died from the top to tbe bottom of 
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the washing tank, between the slidefl of which and the cage thexe ia a deaianoe space of less than 
one quarter of an inob. 

The tank being filled with water, and the cage fixed np in the top of the tank by means of 
bolts at the sides, a charge of from 3 to 5 tons is let fall into the eager from a shoot placed over the 
machine, at a height above the top of the tank determined so as to ensure the whole of the stulT 
becoming at once thoroughly soaked by falling into the water in the tank. In order to equalize 
the diBtribution of the ohurg^ over the whole of its area, the loaded cage is first subjected to two or 
three jigs of considerable height, after which it is allowed to fall to the bottom of the tank by a 
regular succession of short drops, adjusted beforehand to suit the size of the stuff treated, and this 
height is capable of being varied as ciroumstaftces may require, from f in. to 8 in., by regulating 
the escape of the water fi-om the hydraulic cylinder ftom which the cage is suspended. At each 
drop of the cage the water passes through the sieve, in the upward direction, at a speed due 
to the restricted area of passage and the relative weight of the immersed cage with its load ; and 
the mass of stuff in the cage is thereby lifted off the sieve, or rather the sieve drops away from 
beneath it, while the charge remains momentarily at rest ; then all the separate particles of the 
charge fall severally through the still water with their own individual limiting velocities, modified 
only by their mutual interference as in all washers. With a charge of from 4 ft. to 4 ft. 3 in. in 
thickness in the cage, a total broken fall of 10 ft. to 13 ft. through the water is generuUv sufficient ; 
if, however, the tank should not be deep enough, or the sorting not perfect, the tsdl can be repeated, 
with the same charge, as many times as may be necessary. On the cage reaching the bottom of 
the tank, a few seconds' pause is made to allow the largest of the minute light particles, which have 
not fallen so fast as the rest, to become deposited upon the charge. The cage is then di^wn up 
out of the water, and fixed in poaition by the side oolts ; the three sliding frames successively 
pushed out at the front by the action of a horizontal hydraulic cylinder placM behind them ; and 
oy these means the washed coal, the stuff to be rewasht-d, and the shale, are each discharged into 
a separate hopper. On a level with the upper part of the washing tank ib an overflow tauK, equal 
in area, and itB depth 2 ft. 6 in. ; the object of this tank is to diminish the variation in Uie water 
level in the washing tank, consequent upon the alternate filling and emptying of the cage; a 
return pipe leads from the bottom of the overfiow tank into the lower part of the washing tank, 
and this pipe is fitted with a floating check-valve, which opens downwards, so as to prevent the 
water from being driven upwards though it during the descent of the cae^e. The same water 
1b used over and over again, the only loss which has to be compensated for being the small 
quantity which is carried off with the washed stuff; and the whole of the water is £iwn off and 
renewed, when found necessary, during the time that the apparatus is not at work. 

From 120 to 150 tons of washed coal can, without difficulty, be turned out in a working day of 
ten hours, from a machine of the dimensions given, by one man ; the power required to work the 
machine being about 1 horse-power. 

COAL MINING. 

The special characteristics which divide the winning and working of coal from other modes of 
mining, are caused by it having usually to be won from below strata whose mineral character often 
occasions great difficultv, and uom the fact that coal is nearly always met with in layers, and has 
to be raised continuously in considerable quantities; whilst the common occurrence of explosive 
and poisonous gases requires peculiar ventilating arrangements. 

The design and disposition of the surface works are arranged in accordance with the magnitude 
which it Ib intended the underground workings shall assume. In opening up a new colliery, the 
laying out of the pit bank and the, erection of the sur&ce buildings will be carried on simultaneously 
with the preliminary operations below ground, in order that the requirements of the workings may 
be met as soon as they are sufficiently developed to allow the output to be commenced. 

The pit-head gear is erected in connection with the floors ana staging by which the pit mouth 
is reached, and upon which tlie coal, as it is landed, is run out, weighed, and tipped. Thi« staging 
is at such a height from the general level of the ground that au ordinary railway truck can be run 
underneath to receive the coal tipped from the tubs in which it is brought to surfiaoe. It is not 
often, however, that the coal is tipped directly into the trucks or waggons ; usually it is ahot out 
upon a system of screens, by means of which the various sizes are separated. In such a oaae, a 
waggon IS placed under each screen, and these wajgsons are run out and assorted as they are fiUed. 
But oeforo the tubs are tipped they have to be weighed. The operation of weighing is effected by 
running the tubs on to a weighing machine, which for convenience may be placed between the pit 
mouth and the points from which the tubs are tipped over the screens. After being weighed, the 
tubs are run out to the tipping points, where they are made to pass on to the tipping or teeming 
cradles, Fig. 850, which are wrought-iron cases mounted on trunnions ; these hold the tube while 
their contents are being tipped over upon the screens. It is bbmj to see that all of these anmnge> 
ments admit of endless modifications. The pit^head gear nsnally stands out in the open airTuie 
staging around the pit mouth is sometimes left exposed, and sometimes covered in by a light 
wooden roofing as a protection from tiie weather ; but as the sides are left open the protection ia 
only partiaL Upon the Continent, and especially in France and in Belgium, tne whole of the head* 
gear and the staging is enclosed, so that the men may work in oomfort daring bad weather. 
Fig. 861 is of a pit-head and accompanying staging, and is a common arrangement in many SngUah 
collieries. 

The engine house on the Continent is included under the same roof as the head-gear and the 
pit-mouth platform, the former of which is made to occupy a central tower or dome; but in Jgn gliMi 
it forms a separate building, the position of which must oe selected with reference to oonvenienos, 
having regard to the operations to be carried on at the surface. Besides the winding engine hone, 
there will be required an erection for the pumping engine, and several lener builoings as wurk- 
shops and offices. 

in cases where coal washing is practised, machinery similar to that described at p. 800 of this 
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Bnpplement, with the necesairr ereotian*. will be required, and when ft 00111017 ia eo utuato that Itt 
pnijuoe majr he conveyed away by wftUir ottiriage, the surface works will include s wburf, and the 
meonB of discharging the coal into tho vesgeU lying alongside. 

Other atracturas that may have to be proyided are ooia ovens. Where the e«il is of a qoality 
that rendere it sailable for metallurgical operations, a large proportion of it will be conrerted into 
coke foi use in the blast fumaoe. Jlat ooking may bo raguired in any loonlity, for steam (md other 



panomM, and It aflbrda a means ot utiliiing the small coal nude in working. Some varietiea of 
ooal are ot a very tender oharaoter, and it may become a oommeroial necessity to render it saleable 
by oooTerting it into ooke. In such a case, oTena will haTs to be erected, and these will reqaire to 
be disposed m a oonrenient manner and in favonrable pontiona relatively to the pit month, and the 
point* from which the produce is conveyed away. 

Beaidee the erections desoribed. the sor&oe works iuolude a ^stem of tramwaya for oonveylDg 
the prodooe trora one point to another. In some cases, this system will be »o ettenaive one, eape- 
oially when ooking is carried on largely. The sur&ioe tramways are laid with heavier rails than 
the nndergroond; bat otherwise tliey are the same in oharacter. They should be laid out, or rather 
the points which they serve should be selected, so as to utilize as mooh as powible the force of 
gravity. Froqoently, at large oollieries, small hanliug engines are erected at sot&ce to work theoe 

The shaft or pit of a coel mine oonstitntes the means of oonunnnioation between the iindergioand 
workinga and the surface. 

Shafts are classed and described acoording to the uses to which they are pnt Thns we have 
an raglne ahaft, up which the water is pnmped, and over which the pumping engine is situate ; a 
winding or drawing shaft, up which the mineral is raised, aod in fODoection with whioh the wind- 
ing engine is erected; an air shaft, which ie sunk to a aeam for the purpose of providing ventilation 1 
a doiraaast shaft, down which the freeh air passes to the undergraond workings .- and an upoast 
shaft, Qp which the fonled and heated air passes from the workings to the anrface. These de^gna- 
tiona treqoently refer to only one of several uses of the shaft, for wioding may be, and nanally is, carried 
onthrongh boththedowntsstand upcast shafts, and the pumping may be perfbnnedlhrongh either. 

It was formerly the practice, in small mines, to sink bat one shall to the aeam, on aoconnt of the 
cost, and this shaft had then to serve for all purposes, and was divided into several compartments, 
one for the onmpe, and two others for the winding, while the air was conveyed down one of these 
and up another, or the two others. This arrengemsnt was, however, dangeront ; and in the United 
Kingdom it is now ill^al to work a ooal mine with lees than two shafts. In all oasea the number of 
the shafts should be reduced to the lowest practiiaible limit, and their dimensions large enough to 
supply sufficient air to the workings, and allow the posaage of the cages ; and the winding should bo 
oanied on at a high speed. The actual number of shafts requisite can be determined only by the 
oonditioTu of the case. 

The form of the shaft varies considorably. The determining conditiona are the strength of the 
rook pasted through and the material available for sopporting the rides. When the sinkiog it 
throngh plnstio olay or running sand, and whenever the rook is of a weak EUtd unstable character, 
the oiicnlar form is the most suitabto. Where wood is abandajit, rectangular and polvganal shaRa 
are ootamonly employed. Rectangular shafts ate never made square, and their length varies bom 
about once and a half to three times tlie breadth. 

ehafts also vary greatly in their dimCDaions, hut can hardly be too large. Circular abafta 
should never be less Uian S ft. in diameter, and (her may be as much as 16 ft. In some instaneea 
elliptical shafts have been sunk 18 fL and 20 ft Tbe upcast shonld poweas a larger diamctor than 
the downcast. When the section is reotangular. ttie dimensiona are very various, ranging from 
4 and B fL in breadth, by from 9 to 16 ft. in lengtii, to 10 ft. in breadth by 26 ft. In leagtb. 

The position of the shaft ia detenulnad by many conditions, chief amongst which are Ifae dip of 

2 B 
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iho strata, the degree of their indination, the quantity of water likely to he met witfa, and the 
character of the seam aa a Bonroe of ezplodve gas ; the propoeed method of working the Beam, and 
the general plan of the workings. 

The circumstances existing at surface will modify the decision arrived at from the foregoing 
considerations, and not unfrequently alone determine the choioe of the position: that is, the 
position chosen in accordanoe with the surface conditions may be unfayourable to the oonditions 
prevailing underground. The coal will have to be conveyed to the nearest highway, canal, or 
railway ; and the situation of the ooal-field relatively to these, the surface configuration of the 
locality, and the existence of natural and artificial obstacles, will influence the position of the 
shaft, between which and these means of communication a constant connection miut be kept up. 
Generally, this will be made by tramway, and the foregoing circumstances wiU, therefore, have to 
be consiaered relatively to the reouirements of such means of transport Sometimee no railway 
may exist, but it may be intendea to construct a branch to the colliery tnm a line a few miles 
distant. Advantage should always be tuken of gravitation to run the loaded tmcks away from the 
shaft in order to save expenditure. But to do this, a position must be chosen for the shaft 
sufficientlv elevated above the railway or the canal, and to make this position aooozd with the 
other conoitions. 

In some localities, it may happen that quicksands or unstable drift will have to be passed 
through, and it then becomes a question of passing through these beds in the most favourable part. 
Numerous instances might be cited in which altogether unfavourable positions have been selected 
for the shafts, solely fur uie purpose of escaping the difficulties that would otherwise be encountered 
in traversing such beds. 

It has been already remarked that the minimum number of shafts to every colliery is two. 
These must not be separated by less than 10 ft. of natural strata ; but beyond this limitation they 
may be placed at any distance apart, and in any position relatively to each other that beet fulfils 
ibe foregoing conditions, and is suitable to the system according to which the workings are to be 
aid out Sometimes it is found convenient to separate the shafts by long distances ; Irat generally 
they are placed only a few yards apart. By bringing the shafts near together, the points of 
delivery, and the machinery required at those points, are concentrated at one place at surface. 

When the shaft has been completed and sunk to the coal, to proceed at once to the worldng of 
the mineral would bo to endanger the sofety of the shaft, and to create serious obstacles to the 
subsequent working of the seam and the efficient ventilation of the working places. The extent to 
which the mine should be opened out will be determined by local, commercial, and other oonsidm- 
tions. The more systematically and completely this opening up of the ground is perfonned, the 
more economically and safely may the extraction of the coal be effected. It is a false eocnomy to 
curtail the time and expense requisite to the opening out of a colliery, since the consequent 
difficulties, which can never be removed subsequently, or even modified in an important degree, 
more than compensate the first expenditure of money, or the inconsiderable gain of time. 

As the opening out of a mine is not immediately remunerative, it is describtMi as dead work, or 
frequently, on account of the narrow width of the working face, as compared with the ordinary 
working places, as narrow work. The excavations which constitute the dead or narrow work consist 
of drifts, headings or roadways, called rolley-ways, w^-gates, gate-roads, water-gates, and levels, 
driven out from the mass of coal left to support the sides of the shaft, and culled on that account 
shaft pillars. These levels are the principal roadways, airways, and waterways of the mine; 
through them all the prdluoe of the mine will have to be conveyed, and the whole of the air which 
is to ventilate the workings, as well as the water flowing therefrom, will have to pass. The mode 
of laying out these pioneer exciivations will be in the main the same, whatever the system of working 
adopted may be. But modification may be required to conform to the exigencies of the case, doe 
to tne angle of dip, the existence of faults, or any other of the numerous ciroumstances tiiat may 
accompany the occurrence of a seam. In the example which we shall assume for purposes of 
illustration, the seam will be supposed to dip at a small angle, and to be free from disturbing 
ciroumstances, in order to form a typical case, that shall involve a system in its entirety. 

A large mass of coal must be left unwrought around the shaft, as a support ; this mass will be 
cut throueh only by the narrow excavations that constitute the roadways to the shaft These 
drifts divide the mass into detached blocks, which aro called the shaft pillars. The slijrhteet move- 
ment in that portion of the beds through which the shaft passes must necessarily be destructive to 
the latter ; and hence it is essential to provide sufficient means for proventing such a movement 
from taking place. 

The dimensions of the shaft pillars are determined by the depth of the seam from surface ; the 
angle of inclination of the beds : the strength of the coal ; and the nature of the thill or floor. 
According to Andr^, in no case can safety be obtained with pillars less than 85 yda. square ; these 
may, thereforo, be considered as the minimum dimensions in the shallowest mines, when the other 
conditions are favourable, say up to a depth of 150 yds. Beyond this depth the dimensions may 
be increased by 5 yds. for every 25 yds. of increase ; tliat is, the pillars of a shaft 175 yds. deep 
will be 40 yds. square ; those of a shaft 200 yda deep, 45 yds., and so on. These dimensions are 
given as sufficient, on the assumption that the other conditions are favourable. But it is evident 
that those conditions may be sucn as to require an ougmentation of the dimensions, as determined 
according to the depth alone. Thus, if the strata are highly inclined, the tendency of the pillars 
to yield is greater than when the strata are fiat The difficulty of preserving (he shaft through 
steep measures is, in Belgium, often found to be a serious one. The strength of the coal will aho 
materially affect the resistance of the pillars to compression. The difference in the strength of 
coal is very considerable, and this difference must be taken into account in determining the 
dimensions of the pillars. But perhaps the mcst important of these detennining conditiona is the 
nature of the thill or floor of the coal seam. When this floor consists of soft underolay, the 
pressure of the pillar upon it tends to force it to rise in the roadways between the pillan. This 
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The amount of increase demanded by each of these oonditiona cannot be stated in a general 
manner. It is a question that will have to be determined for each individoal case, in aooordanoe 
with the circumstances by which it is surrounded, and ihe degree in which the conditions axe 
modified. The prooer method of procedure, in dealing with this question, is to determine the 
dimensions requirea by the depth alone, and then to augment these, if necessary, for each of the 
other conditions, in a proportionadequate to its requirements. The experience of the district will 
in this matter be of great avail. 

When the dimensions of the shaft pillar have been determined, the levels nutybe set out, the 
designing and driving of which constitute the work of opening out the mine. The direction of 
these levels is determined by that of the dip of the strata, and the relative positions of the down- 
cast and upcast shafts will be dependent upon the same conditions. As the levels are to be driven 
in the seam of coal, the horizontality of their floor, whence their deaienation of level is derived, can 
be obtained only by driving them in the direction of the strike of the oeds, which is at ri^ht angles 
to their dip. In this direction, therefore, which is known among miners as the water-level 
direction, is that of the levels to be driven out from the shaft. These so-called levds are, however, 
not perfectly horizontal, but their deviation from the horizontal is made as little as the conditions 
will admit. A consideration of the conditions which determine the position and the direction of 
the levels will show that these must greatly influence the choice of the position of the shafts. The 
relation of the levels to the shafts and to the coal to be wrought, in position and in direction, will 
be understood by a reference to the plan shown at p. 975 of this Dictionary. This plan represents 
typically a method of laying out the workings frequently followed in England. 

The direction of the dip of the seam is shown in the plan bv the arrow upon the ooal to be 
wrought. The downcast shaft ia at P, and directly to the rise of the downcast is the upcast shaft 
When these shafts have been carried down to the requisite depth, they are connected by a drift 
driven through the coaL This provides for the ventilation by enabling each shaft to serve the 
parpose for which-it was ultimately intended; for the current of air, instead of passing down and 
up each shaft on opposite sides of the temporary brattice in the shaft, will now descend through 
the downcast, and a scend through the upcast. It now remains to set off the levels perpendicularly 
to the direction of the dip of the seam. These are driven out from the shafts in opposite directions, 
and as they will be in all respects identical on each side of the shafts, it will be sufficient to 
describe those on one side only. Before describing these levels, however, it should be observed 
that in extensive collieries a third level is usually added, mainly to ensure a more efficient 
ventilation ; and also that the shafts may be situate farther apart than in the example. 

In driving the levels out from the shafts, a walling is necessary to sustain the sides and the roof 
of the level, timbering being insufficient genendly. Whenever timbering is used to support the 
roof in such situations, it will be well to wall the sides. But an arohing of brick is fiftr preferable; 
and if the floor is of a weak character, the walling should rest upon an invert. 

The lower level is the drain, water-level or water-gate, one of its uses being to convey the 
water, which gravitates towards it from the workings situate above, to the pumping shaft. The 
upper level is the main road, rolley-way, or way-gate, through which tiie mineral wul be conveyed to 
the shaft. These are the main outlets to the mine, and constitute the air-channels through which 
the workings will be ventilated. The facilities which these roads affi>rd for the easy and rapid 
transport of the coal from the working foces to the shaft, will very materially influence the 
quantity of the output and the cost of delivery at surface, or bank, as the surface around the mouth 
of the shaft is technically called. And the conseouences of an accident resulting in the blocking 
up of these roads are of a too serious character to leave any precaution unnecessary. 

When timbered, the sides of the section of a level are generally vertical, and the top or roof 
horizontal, the section in such a case being rectangular. The sides may, however, incline towards 
each other, thus giving a greater width at the floor than at the xoof. When waUed, the ndet are 
vertical, and the roof is arehed. 

The dimensions will be determined by the thickness of the seam through which the leveb are 
driven, the strength of the roof, and the requirements of the means of transport. If the seam Is of 
moderate thickness, say from 6 to 8 ft., the level will be driven between the roof and the floor ; thai 
is, the whole of the seam will be removed, and the height of the level will be equal to the thick- 
ness of the seam. . When the thickness exceeds 8 ft., the level is driven from the floor to a height 
of 7 ft., or 7 ft. 6 in., and the remainder is left to form the roof. When, on the contnry, the seam 
is too thin to afford a convenient height for a horse-road, either a portion of the roof must be 
stripped down, or a portion of the floor removed to give the necessary neight ; and as such labour 
is altogether unproductive, the minimum height demanded by convenience will not be exceeded. 
Under some conditions this may be us little as 5 ft The width of the excavation will be deter- 
mined according to the strength of the roof and the requirements of the means of transport. If 
the roof is of a very weak character, it may be necessary, to ensure safety, to limit tiie width to 
5 ft. If, on the contrary, the roof is very strong, this width may be increased to 10 ft. Thus the 
limits of height and width of a level may be stated as 6 ft. and 8 ft., and 5 ft and 10 ft respeo- 
tively. The width necessary to convenience of transport will be determined by the extent of the 
workings, and the degree of activity to be developed m them. In most cases, the rolley-ways will 
have to be laid out to a width sufficient for a double line of tram rails, so that a train of empty tube 
may be returning to the workings while a train of loaded tubs is running out towards the shaft. 
In general, the best widUi is from 7 ft. to 8 ft, when the strength of the roof is sufficient For 
economical reasons, the sectional area of a level is frequently reduced to its lowest practicable 
Lmaits; but to assume that the cost of driving a level diminishes as its sectional area is an error. 
When the mmcr is compelled to work in a space insufficient to allow freedom in his movements, 
there 18 a loss of useful effect which, by prolonging the labour, incrcasos the cost of the work. 
Also the labour of driving a heading of small sectional area is relatively greater than that required 
i>y a beading of hirgor dimendious, since the amount of side cutting is proportionally greater in 
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the smaller seotion. Besides this, the eoal extracted from the smaller face is more broken, and 
oonaeqnently less valuable, than that hewn from the larger face. The only advantage offered by 
the smaller section lies in the diminished labour of conveying away the dislodged mineral. 

The levels have a slight inclination towards the shaft to allow the flow of the water towards 
the bottom of the shafts from which it is to be raised, and to facilitate the bringing out of tho 
trains of loaded tubs. By adaptiufl; the fall of the road to the load to be conveyed over it, a large 
saving of labour may be effectea, an advantage particularly noticeable when horse power is 
employed as the means of traction. Experiments have shown that an incline of 1 in 130, or a little 
more than ^ in. in the yard, gives the maximum of advantageous effect to horse power, in drawing 
the loaded tubs down and the empty ones back, and therefore, where practicable, this inclination 
should be adopted. But in very long levels, such as are driven when it is desired to gain tho 
greatest possible area from one winning, this degree of inclination would be too great, as tho 
extreme end would be too elevated. In tiiese cases the inclination given to the level is usually 
1 in 200, or a little less than ^ in. to a yard. A level should preserve in every portion of its 
length a rectilineal character ; tnat is, it must be driven from one end to the other in a perfectly 
straight line, and if the oiicomstances do not allow of this, it should be driven on a curve with a 
large radius. 

There are two systems of laying out the workings of a colliery, differing in their general 
features, but capable of such modification as to be greatly assimilated in certain circumstances. In 
one system, a set of parallel excavations is driven through the cool at intervals, so as to leave a rib 
of coal between them to afford a support to the roof. These excavations are made as wide as the 
strength of the rock will admit, a common width being from 4 to 5 yds. At right angles to these 
another set of excavations is driven, also parallel with one another. The width of the latter is 
usually about half that of the former, and their interval apart is much greater. The effect of these 
two sets of excavations Ihus crossing each other perpendicularlv is to leave in the seam rectangular 
blocks of coal, for the second set is driven through the ribs left between the excavations constituting 
the first set. The use of these pillars is to hold up the roof; formerly they were left, and as the 
coal composing them was permanently lost, it was sought to reduce their dimensions to the lowest 
possible limit Under favourable cironmstancee, however, fully one-third of the seam was 
necessarily lost in these pillars, and very frequently the proportion was as great as two-thirds. In 
the present day, these pillars are subsequently removed and the roof let down, so that generally the 
whole of the coal, wiu the exception of a small portion of the pillar which is cnuhed by the 
descending roof, is extracted. When the workings are laid out with a view of finally removing the 
pillars, the latter are left of very large dimensions, for the purpose of affording a thoroughly 
efficient support to the roof during the first part of the working, that is, during the driving of the 
excavations. This svstem is known in England as that of pillar and stall, or post and stall, and in 
Scotland as stoop and room. The stalls are the excavations which are driven through the coal, the 
first set of which is known distinctively as boards, sometimes written bords ; and the second as 
headways. 

In the seoond system of working, the whole of tho coal is removed at once, in a long and 
continuous face, and the roof is allowed to fall behind the workmen. To prevent the roof from 
£Edling upon the miners at work, a double row of props is set at a distance of about 6 ft from the 
£eu^ and moved forward as the face advances. This system is obviously far more simple than the 
preceding, and it may be remarked here that it is gradually supplanting the post-and-stall system, 
wherever the conditions are not altogether unfavourable to its adoption. This system is known as 
the long wall. The relative merits of the two systems of working coal have been a subject of 
dispute ever since the long wall was first introduced. Undoubtedly each possesses peculiar 
advantages, and it will be our endeavour briefiy to point these out, and to show how each is affected 
by various conditions and circumstances. 

The ultimate object in every working for coal, whatever the circumstances may be under which 
it is undertaken, or the method by which it is carried out, is to obtain tlie greatest possible 
quantity of coal, in the best possible condition, at the least possible cost In estimating, therefore, 
tne merits of any system or mode of working, its effects must be considered relatively to this object 
The condition of cost must be understood to involve the question of safety of life to those employed 
in prosecuting the workings. The produce of a coal seam will be obtained in the best possible 
condition, when it is all extracted and conveyed to bank in blocks of considerable size, or is 
obtained as round coal. If the two systems be considered from this point of view, it will be found 
that the long wall will give the greatest quantity of coal. When the workings are carried out 
aocor<^g to this system, the whole of the seam may be extracted ; whereas, on the post-and-stall 
system, a portion of the pillars, greater or less according to the circumstances of the case, is 
necessarily lost, llius the long waU gives the greatest possible quantity of coal. Also, the coal 

Sit by this system is less broken than that obtained by post and stall, as the narrow workings of 
e latter system occasion the making of a large quantity of small coaL This qnantitpr is increased, 
sometimes very largely, by the crushing of the pillars as they are worked away. This breaking up 
of the coal is inherent in the nature of the system, and therefore, however skilfully it may be 
carried out, it must remain inferior to the other system in this respect Thus the long wall gives 
the greatest possible quantity of coal in the best possible condition. In the latter system, again, 
the risk of accident from falls of roof is veij materially reduced, the ventilation is rendered far 
more simple and effective, and tiie labour of the miner, who works in a cooler and purer atmo- 
sphere and a less robtricted space, more efficient It thus appears that the system of long wall is 
that which gives, what is the ultimate object of every working, the greatest possible quantity of 
ooal, in the best possible condition, at the least possible cost. 

Existing circumstances may so &r modify results as to greatly diminish that superiority, 
or even to render the adoption of post and stall desirable, if not necessarv. The system of long 
wall is peculiarly suitable to the working of thin seams, but instances might be given whore very 
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thick seams haye been suoceBsfiilly worked by long wall. A difflcnlty in working; thiok seams by this 
method lies in obtaining the stone or rubbish n^ed to partially fill np the hollow created by the 
removal of the ooal for Uie purpose of letting the roof down easily, and without causing damage to the 
surface. In working the thick seams by long wall in France, first the upper half and afterwards 
the lower half of the 8eam are removed* and tiie space occupied by the coal is partially filled up 
by stone quarried at siu'face, and lowered in the ooal tubs instead of returning them empty. This 
method has been adopted to some extent in the Staffordshire Ten-yard Seam. When a seam is 
divided by bands of refuse, or dirt partings, as they are called by miners, it may, considered only 
from this point of view, be more favouramy workea by long wall than by post and stall, since, in 
the former system, the refuse may be utilized as pack, whUe in the latter it must be stowed away 
aguinst the sides of the excavations, where it serves no useful purpose. A good roof is favour- 
able to long work, but is not indispensable. Wi^ management, the system may be suooessfully 
carried out when the roof is very weak and jointed. The working &ce ahould be poshed rapidlV 
forward so as to be always beneatn a fresh or a green roof. If the roof contains ironstone, which 
can be worked with the coal, whereby a large quantity of refuse la produced, the seam can be 
worked most advantageou&ly by the system of long walL On the other hand, if the roof contains a 
hirge quantity of water, if the surface is covered with important buildings, or reservoirs of water, 
or traversed by rivers, streams, canals, or railways, in which cases it is essential not to let the roof 
down, the system of post and stall is best. In some places, where the workings extend beneath 
the sea, no other could be adopted. Under such circumstances the pillars are lost, and the work- 
ings laid out accordingly. In post-and-stall workings there is also less difficulty in keeping the 
rcMulways in a good st^te, and the system is generally favourable to a large daily output. 

If the circumstances of the case have led to the determination to adopt the post-and-stall 
^stem, the next question tliat presents itself is, how to lay out the worldngs in conformity with 
the existing conditions. We shall assume, as before, in order to have a typical example, that the 
seam lies at a slight inclination, and that it is unaffected, in the portion of the field under con- 
sideration, by faults or derangements of any kind. 

In workings on the post-and-stall system, it is sought to drive the bords at right angles to the 
cleat ; hence the plan of the workings is always so designed as to set off those excavations in that 
direction. The bords are the principal excavations, the headways being intended primarily for 
ventilation. As the bords are invariably set off perpendicularly to the cleat, that direction ia 
called bordways ; and as the headways are perpendicular to the bords, the direction parallel to 
the cleat is termed on the ends. Since the main levels are driven in a water-level direction, 
that is, along the strike of the seam, they may cut the coal bordways, headways, or obliquely, the 
latter direction being known as cross-cut ; and since the bords are to be driven at right angles to 
the cleat, the direction of the workings relatively to the main levels will depend upon the angle at 
which these levels cut the cleat. 

Let it be assumed, in the first place, that the direction of the main levels is headways, that ia, 
that they have been driven on the ends of the coal. In such a case, the bords will be set away out 
of the upper level. A barrier of coal, cut through at intervals to form pillars of large dimensions, 
is left on the rise side of the upper level, to protect these main wavs of the mine from the effects of 
thrust and creep. The thickness of these piUais will be determmed by the eonskierations whioh 
affect the shaft pillars, already treated of. The importance of these barriers is great, as any injury 
to the main levels deranges the ventilation, and seriously impedes the traffic. Again, suppose, on 
the contrary^ that the direction of the main levels is bordways, that is, that they have been driven 
perpendicularly to the cleat. In this case a pair of drifts is set off from the upper level, at a con- 
venient distance from the shaft, say about 80 yds. These drifts, which are called winning bead- 
ways, will be similtir in dimensions and in distance apart to the main levels, to whioh they are 
driven at right angles. From these winning headways the bords may be set off parallel to the 
main levels. 

To determine the dimensions of the pillars, it is necessary to consider the effects of what ia 
known as thrust and creep. Both thrust and creep are occasioned by insufficient dimensions 
in the pillars, the difference between them being due to the difference o{ strength in the rook 
oompoemg the floor and the roof. When the floor and the roof consist of strong unyielding rock, 
and the pillar of coal left is too small to support the pressure thrown upon it, the pillar cracks, 
breaks up into prismatic portions, from which large slabs fall off, and flnally is crushed and ground 
into small ooal and dust. The yielding of the pillar lets down the root the workings become in 
consequence choked up, and the surface is injuriously affected. This action of the downward 
pressure is known as thrust When, on the contrary, the rock composing the floor, or both the floor 
and the roof, is weak and soft, and the pillar of coal too small, the downward pressure upon the 
latter causes the floor to rise in the excavations, while Uie roof, if also of a yielding nature, sinks at 
these unsupported points. The creep is insidious in its approach, and irresistible in its progieaa. 
It may have originated at some unusually weak point ; but having once set in, it spreads dowly, 
but surely, over the whole district. Xo timbering can arrest nor even, when it has folly set in, 
materially retard its progress. The roadways have to be continually repaired, at great cost, and 
the airways become choked op, until finally the labour of keeping these ways in order becomes too 

freat to allow the workings to be carried on at a profit, and thed^trict or the colliery is abandoned. 
a this way, thousands of acres of valuable ooal have been lost. 
To determine the minimum dimensions of the pillars requisite to withstand the thrust and the 
creep, it would be necessary to take into account the streiigtn of the rock in the floor and the roof, 
the strength of the coal itself, and the pressure of the superincumbent strata. These are pioblema 
susceptible of only an approximative solution and of empiricid treatment Experience gained under 
similar conditions is alone worthy of confidence, and following this experience will lead, for the sake 
of safety, to excessive dimensions. Thus the minimum dimensions have been left altogether out of 
consideration, and another principle of working adopted. Wherever it is important ^^ do snrfttoe 
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diBturbnjioe should take place, the size of the pillan is calculated in the some way as that of the 
shaft pillars, the base of the calculation in this case being designed to give security by means of a 
great surplus of strength. The same remark applies generally to the barriers left to protect the 
main roads from thrust or creep occasioned by the removal of the pillars beyond. In all other cases 
tlie pillars are regarded, not as supports to the roof, but as masses of coal prepared for subsequent 
removal. Hence enormous dimensions are given to the pillars, and by this means the evils of thrust 
and creep are ootirely avoided. As there is nothing but convenience to limit the size of the pillars 
when viewed as masses to be wholly worked away, in deep nits it is customarv to take out by the 
preliminary workings, that is, by the driving of the herds ana headways, only &om one-fifth to one- 
fourth of the coal, leaving pillars 30 yds. long bv 18 or 24 yds. broad, and even 40 yds. long by 
30 yds. broad. It may be remarked here that long pillars are to be preferred, that is, a pillar 
SO X 16, or 30 X 18 vds., is preferable to one 30 x 24 yds. The bonis, as before remarkea, are 
usually driven as wide as they wiU stand, that is, usually from 3 to 5 yds., and the headways, or 
holings, as the lesser excavations demanded by the requirements of ventilution are commonly 
called^ are about half that width. 

It was formerly the custom to open out in herds and headways a whole district, and when the 
boundary had been reached hj the workings of this first stage, to work off the pillars, beginning at 
the extreme limit, and returnmg to the point at which the bord workings were commence, leaving 
the roof to fall behind the workmen. Sometimes this plan of working was carried out over very 
lai^e areas, and in such oases, when the first workings had reached the boundio-y, an extensive 
tract of broken mine, that is, the portion supported by pillars, was formed. To this mode of pro- 
ceeding there are several serious objections. By leaving the pillars until the boundary has been 
reached, an immense number of airwavs and roadways have to be kept up, and this nnmber is con- 
stantly increasing until the limits of the area to be worked out have oeen arrived at This circum- 
stance renders the ventilation difiicult, and thereby augments in a very considerable degree the 
liability to accidents. Moreover, the length of time during which the broken mine is Icit, immensely 
increases the danger of thrust and creep setting in, by which the whole area may in a diort time be 
overrun. Also, by this method, the pillars first formed are last removed, and hence it happens that a 
large number of them crack and crumble away under the combined actfon of atmospheric agencies 
and great pressure. Even if they resist this action well, the quality of the coal is greatly 
deteriorated by the long exposure. 

For the foregoing reasons, it is now generally the practice to carry on the two workings simul- 
taneously, by making the working off of the pillars to follow closely the opening up of the bords into 
the whole ooaL By this means, the length and the mean duration of the ways are reduced, and the 
coal is obtained from the pillars in a good condition. The space left by Uie broken workings is 
called the goaf, and into it the roof falls. Qoaves need careful watohing, as they ofl^ favourable 
conditions for the accumulation of gas, which may be forced out by falls of rock. 

The area contained within the boundary to be worked is diviaed into several independent com- 
partments or districts. This improved method of laying out thb workings is due to Buddie, who 
was also the first to introduce the plan of working off the pillars behind the whole workings. Each 
district is separated from, the others by strong barriers of coal, and ventilated by its own current of 
air, 80 as practically to constitute separate mines. The advantages of this arrangement are great 
and numerous. Suppose, for example, that we have an area divided into four districte ; the air 
entering by t^e downcast shaft will, on reaching the bottom, be separated into four currents, each 
of which will be made to pass through one of the districte, and then oe conveyed to the upcast shaft 
By this means, the miners at the most distant faces of work get the air pure and cool, wnich would 
not be the case if it had to pass through the whole area comprising the four districts. Another 
advantage of the system lies in the isolation of the effecto of an explosion. As one district is 
entirely independent of the others, being enclosed by barriers and ventilated by its own current the 
effecU of an explosion cannot extend Myond the limito of the district in which it occurs. The 
importance of this fact will be more fully understood when the subject of ventilation has been 
treated of. Moreover, by the concentration of the working places in the district or panel system, 
the ventilation is greatly simplified and rendered much more efficient, whereby the risK of explosion 
is very greatly reduced. 

In the system of working by long wall, the whole of the coal is, as before observed, extracted at 
one operation, the roof being allowed to come down as the extraction proceeds. This is the prinp^ 
oiple of long work, and whatever form the system may assume^ it is stiictly followed througnout 
The mode of carrying out the system may be mode to vary widely, in accordance wiUi the different 
conditions existing in different localities. Lon^ work is susceptible of far greater modification of 
deteil than post and stalL This feature constitutes one of ite great merits, and by enabling the 
system to adapt itself to the varied requiremente of different localities, it has contributed largdy to 
its wide and rapid extension. 

In long workings, as in post-and-stall workings, it is generally sought to advance across the cleat 
of the coa£ but there are sometimes circumatences, notebly that of inclination of seam, which render 
it desirable to advance the faces of work in some other direction. 

Let it be assumed Uiat the main levels have been driven headways in the coal, that is, on the 
ends. A barrier of coal will be left on the rise side of the levels to protect them from thrust as in 
the case of post-and stall workings, though this precaution is not always observed ; and beyond this 
the workings will be carried forward as a straight face, a curved face, or in several lengths of face, 
according to the conditions of the case, the most important of which conditions is the nature of the 
roof. If the face is laid out in lengths these lengths are called stells, and they are kept in advance 
of each other, to avoid straining the roof along the sume line throughout a long distance. It will be 
observed that, according to this system and method of working, roaaways must be made and main- 
tained through the goaf, or, as the exhausted portion is more frequently called in long work, the 
gob^ for the purpose of rendering the faces accessible, and affording a means of oonveyiqg the pro* 
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dace to the main'JeTcls, and thenoe to the ahafk. These xoads are called gob roads, and most be 
well ooDBtructed and maintained, as they serve, not only as roads along wnich all the produce of 
the seam has to be oonveyed, but also as airways through which the working places are ventilated. 

Ttie number of gob roads required will depend very much upon the manner in which the wall 
face is laid out, and a road is required for each stall when the fiice is broken up. To save labour in 
dragging or putting the coal nom the several points along the face to the road, the latter is 
brought opposite the middle of the working stalls, and for the same reason the stall is limited in 
breadth usually to about 50 yds., so that the extreme distance over which the coal has to be 
dragged may not exceed 25 ft. To construct these gob roads through the waste or gob, the stone 
which is extracted with the coal is built up in walls several feet in thickness, to form the sides 
of the roads. These pack walls must be built up to a height somewhat greater than tliat 
ultimately required, to allow for subsidence when the weight of the roof is brought upon them. 
When the seam is a very thin one, either the roof or the floor, usually the former, must be cut 
away to give the requisite height to the roads. The material thus obtained will be used for the 
pack walls in preference to that derived Arom dirt bands and other partlags in the seam, which is 
generally of a less resistant character. In some instances, a thin rio of coal has been left to form 
the road wall on each side, but the expedient has not proved sufficiently successful to warrant its 
adoption. 

The maintenance of the roads frequently offers considerable difficulties and entails great 
expense. When the weight of the superjacent beds of rook is brou|^ht to bear upon the pack walls, 
the floor, if weak, is apt to rise, the action of the pressure produomg the creep which has already 
been described. In such a case, the roads have to be repaired at night, by men set apart for that 
purpose. Sometimes the walls sink beneath the weight of the overlying rock, and the height is 
reduced by the descent of the roof. This ciroumstance renders it necessary to fi^eqnently oat away 
the roof, so that, after a time, the road may be wholly in the roof rock. 

In order to avoid the difficulties and expense of maintaining the gob roads, which are con* 
tinually increasing in length as the workings advance, there is another meuiod, that of working home, 
differing from that which we have been considering, and which is described as working out. In 
this method the roads are kept in the solid coal, so that thev are not exposed to the destructive 
action of a falling roof, as the gob roads are. Moreover, instead of continually increasing in length 
as the working proceeds, they, on the contrary, are continually decreasing as the wall See 
advances. This is an advantage which the method of working home was designed to gain. 

In laving out workings according to this method, the roads are first driven oat through the 
solid coal to the boundary, and the wall face is then laid out in the manner described for working 
out. The coal is then worked back towards the shaft, leaving nothing bat waste or gob behin£ 
The exhausted portion is in this case entirely abandoned when the coal has been extracted, and 
the roads, being in solid coal, require but little attention. When the workings are to be laid out 
aooording to this method, the preliminary operations will occupy a longer tmie than when it is 
intended to work out, and this difficulty often constitutes an insuperable obstacle to the adoption 
of Uie method, especially where the proprietary is not well provided with capitaL 

In the foregoing examples, it was assumed that the main levels coincided in direction with the 
cleat of the coal, and that it was desirable to give the same direction to the wall face, that is, to 
advance across the cleat. The workings were therefore at once laid off from the main levels. But 
if it be desired to advance in the same direction when the levels are headways or across the deat, 
the wall face will have to be set off at right angles to the levels. In this case, a ^air of winning 
headways mav be driven out from the main levels in the direction of the face, m the mann^ 
described under the head of post-and-stall workings, and fo)m these the workings may be laid out^ 
The inclination of the scam will often render this mode of proceeding desirable or even necessary. 
In some districts, instead of driving these principal gate roads through the coal, and leaving 
barriers to protect them, the whole of the coal is extracted, and the roads packed with gob or refuse. 
This method is sometimes applied even to the main levels of the mine, leaving only the ahafi 
pillars as solid or whole ground. 

In long-wall, as in post-and-stall workings, the system of division into districts is followed. 
The advantages to be derived from dividing the area into several distinct and independent portions 
will be, in the main, identical in both cases. These districts will occupy the same relative positionB 
as in the post-and-stall workings, and they will be served from the shafts in the same manner. 

In the foregoing considerations and descriptions, it has been sought to give a clear understand- 
ing of the two systems of working coal, and a full appreciation of their respective merits and 
defects. To attain this end, the general and distinctive features of each system have alone been 
brought forward, and these have been illustrated by typical cases. It has been already pointed 
out that these features are subject to great modifications, in compliance with the re^airementi of 
varying circumstances. Such modifications, however, and the conditions whidi determine them, 
have been left out of consideration here, in order to avoid conftision. 

To explain the various operations involved in sinking a shaft, a pair of circular shafts mav be 
assumed, one to serve as a downcast, the other as an up(»st As the operations in each will btt 
similar, it will be sufficient to consider those in the downcast. The advantages of sinking both 
shafts simultaneously are that the seam is reached through the two shafts at the same time, and 
the immediate opening out of the underground workings fiMilitated, the water encountered is moro 
easily dealt with, and one provision of tools, machines, and surface erections is sufficient. 

The preparatory work consists in providing the tools and other mechanical appliances, the 
materials of various kinds, and the buildings that will be required in the progress of the sinking. 
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raising it to mr&ice. It was formerlj the aoatom to oonBtmct these sioking corves of wiober-work, 
well -seasoned hazat being used fbr this pnrpoee. The capacity of one mch corf wag about 
20 gallons. Corves have been almost entirelj Bupereedad by kibbles, oonstracted of wooden etaiee 
bound together by iron hoops like a small cask, and provided with a handle or with three ears to 
which otwins may be attached, to form a kind of bucket. Wbea of small dimensiooa far well 
siokiD^. it is called a sinker't bucket. This form of kibble, much used on the Continent, ie made 
larser in the middle to omse them to sheer off from each other should the ascending and descend- 
ing nibbles come into oontact. For the same purpose, the edges of the hoops are chamfered off. As 
the <antJDg of tlie loaded kibble poacs the contetiti duwa upon the sinkers, it is ■ danger to be 



avoided. In England, the sinking kibble is commonly oonBtract«d of Iron, end its form U similar 
to that adopted for the wooden barrel-shaped bucket. The kibble is attached to the row by a 
niring book, and is raised at first by meant of a common windlass with two bandies. Besides 
ueee tools, a supply of cnrbiog and planking should be provided for the support of the sides of the 
shaft. 

The Burfaoe erections reqnired, besides those of a permaoent chaiaeter, are, a carpenter's shed, 
a smithy, an otSoe for tbe master sinker and others in clmrge of the work ; a sinkers' lodge, for 
drying the sinkers' clothes and other purposes,' a shed to store the maleriala required; and a 
magsline to contain tlie eiploeiVB snbsCiiTice to be employed. As nearly the whole of these build- 
ings will be required to retnsin as parts of the surfaco works, their sitoittion relativelv to the shaft 
and to each other should be chosen rather with a view to subseqaout convenience than to imme- 
diate exigeneiea. When all of thiisu buildiogs which will be required danng the progress of the 
sinking have been erected, the engine houses may be commenced, and their construction carried on 
dnring the sinking of the shafts. GonenUy the winding engines will be situate between the two 
shafts, so as to draw from both. 

Tbe opetatione of sinking will be begun by determining the point to be the oentre of the shalt, 
and striking from this centre a cirele having a diameter 2 ft. greatar than tbnt which the shad is 
to have when finished. When this has been done, the exoavation of tbe soil will be commenoed 
with the pick and the shovel. 

The firm rook to be met with after the clay bos been passed throngh is termed the stone head. 
As the excavation dnring this portion of the sinking is through soft mok, the pick and the ^ovel 
will be tbe only tools reijuired. The stuff will be raised to surface in kibbles by means of the 
onlinary jack-roll, and tipped, or, in miners' language, teemed around the monUi of the shaft. 
Attention must be given at the oommencemeot of the eicavatioo, and continued throughout tho 
wbule of the sinking, to the preservation of Iho vorticality of tho shall. This must bo preserved 
thtonghont the snbMqucnt operatioiu of timbering, walling, and tubbing, care being taken to place 
thcae supports everywhere in exact acoordance with tiie oentre of the shaft. To ensnre this 
Totioality to the excavation, frequent and careful use must bo mode of the plumb-line. In rect- 
angular and polygonal shafts, a ptumb-line should be suspended in each angle ; and in circular 
and elliptieef shafts, at the four extremities of the two diameters ciossiog each other at right 
angles, in the former, and at the extremities of the major and minor axes in tbe latter. If the 
■ectlco is large, lines may be requited at other points. These auspendod lines will be lowered as 
the sinking progresses, and from time to time other Uues will be dropped, in tho same positions, 
from the surface to near tho bottom of (he excavation. All irieguUdties rendered apparent by this 
plumbing must be carefully removed. 
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. Daring the BinHng to the stone head, the sides of the shaffc oannot be left without soppori 
There is a tendency in soft rock to swell and to close up the excavation. When this swelling haa 
onoe begun, its progress is rapid, the motion produced in the rock being an accelerated one. Hence 
it becomes necessary to prevent the swelling action from setting in, by placing a sufficient support 
to the sides of the excavation as the sinking progresses. This support oonsists, for circular 
shafts, of rings formed of segments of wood, called curbs or cribs, placed at intervals in the 
shaft, and backed with deal planking. The curbs should be of oak or elm, and their dimensionB 
should be proportioned to their diameter, and to the degree of pressure likely to be bxou^t upon 
them. 

These dimensions will vary from 4 to 6 in. square. Care should be given to their construction 
in order to bring the ends of the segments to bear evenly upon each other, and to make the joints 
radiate truly from the centre. The befit mode of formine the joint is that in which the ends of 
two contiguous segments are made to bear against each other in one vertical plane. When jointed 
in this way, the segments are prepared at surface with the curved wooden flsn-pieoes or cleats, and 
sent down the shaft ready to b^ put together. The backing deals used with the curbs should be 
about 1 in. in thickness, and about 6 ft long ; a greater length, sav by 9 ft., may be adopted. The 
first length of backing deals set should, in every case, be 9 ft. There should be always ready at 
hand a sufficient number of curbs, and an ample supply of the planking required to be used with 
them. 

In the case of a shaft of 13 ft. diameter, the curb may be 5 in. square in section, and when put 
together it should have an inside diameter of 13 ft. 9 in. When the excavation has reached a 
depth of 6 ft., the first curb is sent down in segments, and put together and placed in position at 
the bottom. The 9-ft backing deflls are then placed vertically behind the curb, their ends passing 
down to about the middle of ue thickness of the latter. If the ground to be supported is very 
weak, the backing deals must be placed close together ; in fairly strong rock, they may be set at 
small intervals apart. The distance to be allowed between the curbs will be determined by the 
pressure from the sides of the excavation. If that pressure is very great, the interval should not 
exceed 2 ft., or in some cases even less than that distance. Instances are on record in which 6 in. 
could not be exceeded. A common distance, however, is 3 ft. A second curb having been seut 
down, and put together upon the first, is raised to a height of 3 ft. above the latter, the height 
being measured from centre to centre, and the curb supported by a few upright props <»lled punch 
props. A third curb is then put together upon this second one, and, having been raised 3 ft. above 
it, is supported by props in the same manner as the second. A fourth curb is put in at the top of the 
backing deals, and supported in the same way as the others. This last curb will be situate at the 
height of 3 fL above the surface of the ground. The object of this elevation is to obtdn a height 
for tipping the stuff drawn from the shaft The curbs inserted in this manner are next strung, or 
hung together vertically by means of thin deal planks, or stringing deals. These stringing dfeals 
are nailed against the inside of the curb, so as to suspend the latter one from another, and the 
whole may be suspended from balks of timber at surface by means of the stringing deals. 

When the curbing of the excavation has been completed, the sinking may be resumed, and 
continued another 6 ft. This part of the excavation is not, however, extended to the ftdl diameter ; 
but the sides are kept in a line with the inside of the curbs. This is necessary in order to leave a 
support for the latter. When the depth of the second 6 ft has been reached, the excavation la 
shorn out to the full diameter, and a level bed provided for the reception of the next curb. This is 
sent down in segments, as before, put together, and placed in position at the bottom. The sides 
are then shorn out up to the first curb laid, that is, the lowest curb of the first set, and the 6*ft 
backing deals put in behind this curb and the one just laid. Another curb is sent down, put 
together upon the bottom one, and raised upon props to a heigiit of 3 ft, that is, midway between 
the curb last put in, and the lowest of the first set. Upon this curb, props are set to supp«>rt the 
one immediately above it, and the stringing deals are nailed on to hung tuem all together. The 
whole length of curbing should be slung by means of the stringing deals to balks of timber at 
surface. This is necessary to prevent tlie curbing from slipping down when the support is removed 
by shearing out the sides from under them. The deals may be suspended from the timbers form- 
ing the tt'mporary staging required around the mouth of the shal\ fur convenience in drawing and 
tipping the rubbish. When the second 6 ft of excavation has been curbed, the sinking will be 
again resumed, and continued through the third 6 ft., which length will be curbed in tne same 
manner as the preceding. These operations will be repeated until the stone head is reached. 

When the stone head has been reached, another set of operations has to be performed. The 
support afforded by the curbing is intended to be only of a temporary character. The continued 
pressure of the bides of the shaft against this support would, in a short time, cause it to yield, and 
when the sides have begun to run, tlie destruction of the shaft is almost inevitable. Hence it 
becomes necessary to replace the timbering by masonry, and the substitution should be made as 
soon as possible. In general, the walling cannot be built until a firm rock foundation haa been 
reached. It is desirable to push on the sinking to this point with all possible speed, in order to 
escape the danger of the timbering giving way. 

On reaching the stone head the excavation is reduced in diameter, and the sinking is oontinued 
until the rock has become sound and strong. When this point has been attained, the sides are 
shorn back to a greater diameter; in the case assumed, say to a diameter of 15 ft 9 in. It ia now 
required to prepare the foundation for another curb of larger dimensions, upon which the wailing 
is to rest, and called on that account the walling curb, or sometimes, from the method of fixing it, 
the wedging curb. This curb may be either of metal or of wood. Bound and well-seaaoned o& is 
commonlv employed. When iron is used, the curb is open on the inner idde. The oak wedging 
curb will be 13 in. on the bed, as the walling is to be of brick, and 6 in. in depth; its inner 
diameter will, of course, bo that of the shaft, namely, 18 ft The rock bed upon which this curb ia 
to rest must be carefully levelled, so as to give it an even bearing at aU pointfl. Some i-in. ti 
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sboathiiig is then laid upon this bed, and the curb laid upon the fiheathing. Before proceeding to 
f^ the oorb, it muat be ascertained that its centre coincides exactly with that of the excavation. 
When the curb has been placed accurately in position, a backing of flr, about 2 in. thick, is put in 
vertically between the outside of the curb and the sides of the shaft, and firmly wedged. The 
wedging must be performed eimultaneously at opposite points in the curb, and it must be continued 
until no more wedges can be driven in. The greatest care must be exercised during these operations 
to avoid displacing the centre of the curb. When iron curbs are used, a piece of oak sheathing is 
placed between the joints ; the thickness of this sheathing should dimioish firom the outside of the 
curb inwards. As the pressure thrown upon the curb by the wedges tends to lift the former from 
its bed, this tendency must be counteracted by props set upon the joints of the curb, and abatting 
against the rock above. 

When the walling curb has been securely fixed, the walling of the shaft may be proceeded with. 
In most cases, the walling will consist of bricks, which is uie cheapest material available, and 
sufficient for the purpose under all conditions. Frequently these bricks may be made on the spot 
£rom the clay necessarily excavated for the surface works. It is essential that the bricks used in the 
walling be moulded to the form required by the shape and diameter of the shaft. The mortar 
should be of the best quality and slightly hydraulic in character. In walling through wet strata, 
quidc-setting cement will be required. 

Sometimea stone masonry is adopted for the walling of a shaft. Stone of a schistose structure is 
rapidly disintegrated by the action of atmospheric agencies, and is unsuitable for walling purposes. 
Sandstone and limestone may be employed ; but the former is somewhat difficult to work, and the 
latter is usually costly to obtain. In stone walling, the blocks should be of moderate dimensions, 
and, as nearly as practicable, uniform in size. Very small blocks involve the use of a large quantity 
of mortar, and very large blocks are difficult to work and to handle ; while the mingling of large 
and small blocks oocasious an unequal distribution of the pressure. Each of the blocks should be 
tooled upon five of its faces, that wnich is in contact with tne rock being alone left in a rough state. 
The two side faces should be prepared with special care, to ensure a close joint, everywhere coin- 
ciding in direction with the radius of the shaft. 

Bricks constitute a more suitable and a cheap^ material for shaft walling than stone. The 
day of which they are made should be rich in alumina, and entirely free from lumps of calcareous 
matter. If the clay is not sufficiently rich in alumina, the bricks will be porous and crumbly ; on 
the other hand, if too rich, they are apt to run during the process of manufacture, and are too smooth 
to hold well to tlie mortar. Fireclay is an excellent material for walling bricks, and in some 
loo^ties it may be procured nearly as cheaply as ordinary clay. Sometimes this material is employed 
moulded into blocks to the required form. The dimensions of such blocks commonly are 2i in. by 
9 in. by 6 in. 

The thickness of the walling will be. in some degree, determined by the pressure likely to be 
thrown upon it. Thus, in passing through compact rock, a single brick may be sufficient, the object 
of the walling in such a case being rather to protect the rock from atmospheric influences, and to 
prevent the full of detached portions, than to resist a pressure from the sides. In loose rock of a 
fairly strong character, a thickneeB of 13 in. will suffice ; and in very unstable rock^ or where there 
is a very great pressure of water, 18 in. or more may be necessary. In the assumied example, the 
wedging curb is designed for a walling of 13 in. 

When the wedging curb has been securely fixed, the waUing is commenced upon it, as a founda- 
tion. Until a shift is walled, it is exposed to the danger of closing in, and therefore no exertion 
should be spartfd to complete the walling in the shortest possible time. The walling will have to 
be performed from a staging or scaffolding, capable of being raised as the work progresses. The 
staging or cradle adopted for this purpose is circular in form, and is a simple wooden construction, 
consisting of 2-in. planking nailed upon timbers. Through these timbers stout bolts, with a ring 
attached, are passed, and-secured on the under-side by means of a nut. From these rings the cradle 
is suspended, by means of chains attached to two ropes, from two winches at surface, one on each 
side of the shaft. Later, when the sur&ce arrangements are more complete, the cradle will be 
suspended by one rope. This rope must possess a wide margin of strength, and must undeigo 
frequent and careful mspection. It should oe 10 in. in circumference. The diameter of the crame 
should be such as to leave a space of about 4 in. between it and the shaft This space is necessary 
to ensure the ventilation of the shaft below the staging. When a seam of coal is near the bottom 
of the shaft, or has been entered or pcused through, this precaution is essentiaL Sometimes, besides 
the space around the staging, a hole is provided in the centre of the latter to allow the gas to pass 
up ; through this hole the tub dips into the sump. In spite of the precautions, the accumulation 
of gas beneath the staging is one of the most fruitful sources of explosion of firedamp. 

As the walling proceeds, the timbering immediately above it will have to be removed, and care 
must be taken during the removal of this portion not to materially weaken that which is lefL If 
the pressure against the timbering is great, a small portion only of the latter can be taken out at 
a time, and the remainder must be securely stayed. The curb immediately below which the timber- 
ing has been taken out must be supported by vertical punch props set upon the walling beneath, 
and when the pressure is great, by props placed horizontally or raking props in an inclined position 
against the sides of the shaft Under some difficult circumstances, it may be n^essary to build 
portions of the timbering into the walling ; but this should be avoided wherever possible, as the 
rotting of the wood endangers the masonry. 

The hollow between the walling and the rock must be filled with day, carefully rammed to form 
a solid backing, or better, with concrete. This is necessary to distribute the pressure equally over 
the masonry, and it cannot be neglected without risking safety. It is also essential to provide for 
getting rid of the water which oozes out from the sides of the shaft, by an outlet beneath the lowest 
course of the walling. Either an iron pipe is built into the bottom oourse, or a horizontal hole is 
bored with an anger in the wedging curb itself, which hole is made to oommunicate with the spaod 
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between the walling and the rock, through another yertical hole bored near the ontside of the corb 
and left uncovered by the masonry. The outlet thus provided for the water is kept in oommuoioa- 
tion with the space above the backing by means of a triangular channel formed by two pieoes of 
board, or by a vertical pipe of small diameter, and pierced with holes, which is lengthened as the 
walling rises. In putting in the backing, care should be taken to make the upper surface incUna 
towar£ thifl outlet for the water. When the walling is completed and the sinking reconmienoed, 
the outlet may be plugged ; or if the quantity of water is considerable, flexible tubing may be 
affixed to it, to conduct the water down to the sump, and so prevent it from dripping upon the 
sinkers. 

A similar arrangement is adopted for collecting and conveying away the water that soaks 
through the walling. This water, which trickles down the sides of the shaft, is stopped and collected 
at one of the wedging curbs in the following manner. The first three or four courses of brickwork 
upon tlte curbs which are to serve this purpose are inset for the purpose of leaving a portion of the 
upper surface of the curb exposed. In thifl portion of the curb, a groove ifl cut, so as to form a 
diannel round the shaft. Tne water which runs down the face of the walling collects in this 
ohannel, and is discharged through a hole, bored obliquely in the curb, into a small pipe through 
which it is conveyed either to the sump or to a tank from which the pump takes its water. Some* 
times, instead of using the wedging curb for this purpose, a wooden curb oi smaller sectional dimen- 
sioufl is built into the walling. 

The shaft walling is continued up from 5 to 15 ft. above the surface of the ground. The object 
of elevating the mouth of the shaft is to obtain a good lead for the romoval and the discharge of the 
stuff first raised from the excavation. The manner of terminating the walling and of fitting up tiie 
mouth of the shaft varies in different localities, according to the method of receiving the loaded 
kibbles. Jn the north of England, a kind of coverig^ or staging of wood ifl fixed to partially cover 
the shaft To prevent the ascending kibbles from striking against the under side of this staging, 
deals are nailed diagonally against the edge of the staging and a bunton fixed aj^inst the sides of 
the shaft. These deals are called striking or sliding deals. When the loaded kibble is raised to a 
height a little above the staging, a tram is run out to the edge upon rails laid down for that purpose, 
and the kibble is lowered upon it. The loaded kibble is then detached from the spring hook, and 
an empty one substituted for it. To fSftoilitate these operations, the rails should be laid with a 
slight inclination from the mouth of the shaft, and this inclination is also needed to prevent the 
tram striking heavily against the sill or edge of the shaft. 

In Bome other coal districts, the manner of receiving the loaded kibbles and the laying out of 
the shaft mouth are different. This difference will be best understood from a description of the 
surface arranRements of a shaft in South Staffordshire. The walling of this shaft was carried up 
to a height of about 15 ft. above the surface of the ground, and thick brick walls erected to enclose 
the shaft. An inner wall, contiguous to the shaft, forms with the outer walls a rectangular brick 
foundation for the bead-gear. The walls enclosing the shafts carry balks of timber to form a 
staging on a level with the top of the pit walling. Upon this staging are laid light tram rails, on 
which runs a wooden tram or movable platform. This platform is of sufficiently la^ dimensions 
to completely cover the mouth of the shaft, when it is run over the latter, and a rail is laid on each 
side of the shaft to allow the tram to run over. A fence is fixed to one end of the tram platform, 
and supported upon two small wheels running upon rails on the opposite side. During the draw- 
ing, the fence stands over the mouth of the shiaf ^ and when the load has been raised a little above 
the level of the platform, the latter ia run forward completely over the month of the shaft The 
load is then lowered and deposited upon the platform. When the loaded kibble has been rcmovoit 
from the spring hook, and an empty one attached, the latter is raised, and the platform is then run 
back with the loaded kibble. At the same time, the fence returns over the mouth of the shaft 
This particular arrangement of the platform and fence was designed with a view to the ready 
removal of the water raised in tubs from the shaft 

When the walling has been completed, a strong and convenient head-gear must be erected to 
continue the drawing of the stuff on the resumption of the sinking beneath the walline. In con- 
nection with this h^id-gear, a steam engine will be required to draw the rubbiflh and the water 
from the excavation. Fig. 852 is of an arrangement common in the Chesterfield district Siuoo tlie 
introduction of the winding engine of the locomotive type of construction, no strong foundations or 
buildings are required beyond a light shed. 

The sinking having reached a point at which moderate quantities of water will be met with, 
means must be provided for draining the bottom of the excavation. The streams of water which 
enter the excavation through fissures in the rock are called feeders. Surface feeders are such as are 
in direct communication with the surfieuje ; these, of course, are influenced by the weather. Partial 
feeders are those which are in communication with a cavity containing water; they gradually 
decrease after being opened, and in time become entirely exhausted. Permanent feeden are such 
as derive their water from inexhaustible sources, and therefore continue without diminution. The 
smaller quantities of water that escape from the strata into the excavation must be raised to surfaoo 
either in tube or by pumps. The method of drawing the water in tubs is sufficient whenever the 
quantitv of water la not groat. Even when the quantity is considerable, it may be advantageously 
removed bv this means, for winding is a far cheaper mode of raising water than pumping. 

The tub commonly used for drawing water is of iron, and is similar in shape to the kibble. The 
capacitv of these tubs is freauently about 100 gallons, when it is intended to draw by the engine. 
The tub is suspended by a oow turning on two pins placed a little below the centre of gtavtt}^ on 
the outside of the tub. Besides the larger bow which turns upon the pins forming the points of 
suspension, there is a smaller one fixe<l to the tub, and passing freely beneath the former. On one 
side of the tub is a spring catcii, which, by laying hold of the larger bow, prevents the tub from 
tilting in the shaft. Wh«m the tub is raised full of water to the top of the shaft, the waiteron 
seizes the smaller bow, and, releasing the spring catch, pulls the tub over, disobaiging the water 
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into a eboot, by which it is conveyed away. The position of the centre of gravity above the axis 
upon which the tub turns renders the operation of tipping an easy one. 

The obiection to this form of tub, tliat it has to be filled from above, may be removed by con- 
stmcting it with a valve at the bottom, through which the water can enter. When the tub is 
lowered into the water, the pressure of the latter forces up the valve, and the tub fills. When the 
tub is full, the valve drops upon its seating, and retaius the water. To empty the tub, it is lowered 
on to a trough, when the projection of a spindle comiug in contact with the planking, the valve is 
forced up. 

When the excavation has attained the depth of from 15 to 20 yds., means must be provided for 
directing a sufficient current of air down to the workings. The air-box will for some time give an 
adequate ventilation ; it consists of a wooden pipe, generally about 12 in. square, outside dimensions, 
made of 1-in. or |-in. deal boards, the joints of which fit trulv, and are tarred or pitched to render 
them fairly air-tight. This pipe is fixed against the side of the shaft, and carried down to near the 
bottom. Li order not to encumber the mouth of the shaft, the pipe, within a few feet of the bottom, 
is passed through the walling, and carried in an inclined direction to surface, at a convenient spot 
a few yurds distant Over the aperture of the pipe at this spot a chimney is roughly built of bricks, 
in which a fire is kept burning, or into which a steam jet is turned, or instead of erecting this special 
chimney, the pipe may be put into communication with one already existing, the engine stack, for 
example. As the lower end of the pipe cannot be brought dose down to the workings by reason of 
the danger to which it would be exposed from the shots, a flexible canvas tube, called a bag, is 
attached, wliich is dropped lower as the sinking proceeds. It will be necessary to keep a consider- 
able current of airjpassing through this pipe ; for besides the large quantities of powder smoke that 
have to be carried off, carbonic acid gas, or choke damp, may exude from the joints and fissures in 
the rocks; and in passing through thin seams of coals, or on approaching the thicker seams, 
blowers of infiammable gas may be met with. 

When the depth of the shaft has become great, or earlier if the rock is foul with gas, the fore- 
going method of ventilation will be found insufficient, and recourse must then be had to the phm 
of bratticin^ the shaft, that is, of dividing it by a wooden partition, called a brattice. The purpose 
of the bratticing is to divide the shaft into two unequal air-tight compartments, the larger of which, 
devoted to the drawing of the stuff, may serve as a downcast, and the smaller, reserved for Uie 
pumps, as an upcast The arrangement is of tlie same nature as that of the air-box, but the 
difierence is that the brattice gives a very much larger airway than the box. When the brattice 
has been put in, the ventilation will proceed naturally, the current descending on one side, and 
ascending on the other side of the brattice. Under such conditions, however, ue air current will 
not always descend through the same compartment, the direction being dependent upon external 
causes, as the direction of the wind, and the existence of objects affording shelter. When this 
natural ventilation has become insufficient, the top of the smaller oonipartment is planked over, and 
the space below placed in communication with a chimney, through an inclined passage, as in the 
case of the air-box, or with a small fan. 

There are two methods adopted of constructing the bratticing, one known as the bunton system, 
and the other as the plank system. In the former, deal battens, 7 in. x 8 in. in section, are fixed 
against the sides of the shaft, one on opposite sides, ftom the top to near the bottom. As these 
side or stringing planks are to form the support for the bratticing, they must be firmly fixed to the 
sh^. The method of fixing them is to drill holes in the walling to a depth of not less than 12 in., 
and to plug these holes with wood to give a sufficient hold for the spikes. Where the shaft is lined 
with metal tubbing, the planks are spiked to the joints of the tubbing. At intervals of 3 ft from 
oentre to centre, the stringing planks are provided with notches to receive the ends of other battens 
or the buntons, placed horizontally from stringing plank to stringing phmk across the shaft These 
bunions are fixed to the side supports with nails, and are intended to support the deading 
or sheathing which is to constitute tlie brattice. This deading consists of fir boards from 1 to 2 in. 
thick, according to the character of the bratticing, whether temporary or permanent, nailed 
vertically upon the buntons. These boards are planed true on the edges, so as to form air-tight 
joints, and iu nailing them in position care is needed to keep the joints close. WJien the brattice is 
to be permanent, a thin strip of wood or sliver is inserted into a groove ploughed in the edges of two 
corresponding boards. 

The plank brattice is of more simple construction, and is to be preferred as a permanent struc- 
ture. In this system of bratticing, two side planks are used upon each side of the shaft, placed at 
an interval of 3 in. apart, and the buntons are dispensed with. The brattice boards are 3 in. thick, 
and are placed horizontally, edge upon edge, by oeing slid down the grooves formed on opposite 
sides of the shaft by the side planks. The joints in this kind of brattice are kept firm and air- 
tight by planing the edges of the boards true and dowelling them with iron dowels, or preferably 
by means of oak slivering. When iron tubbing is used, the latter is cast vnth grooves to receive 
Uie boards, in order to dispense with the stringing planks. Whatever the nature of the bratticing, 
it must not be carried, during the sinking, nearer to the bottom than 20 ft., because of the injury 
which might be caused to if by the firing of shots. Another precaution is to secure the brattice uom 
injury bv the ascending kibbles, and consists in placing beneath it, at intervals apart so as not to 
matenally impede the ventilation, sliding deals, similar to those placed beneath the covering of the 
shaft at surfifioe. 

On resuming the sinking beneath the walling, the excavation is carried down in a line with the 
inside of the wedging curb for a distance of about 3 ft, and from that point gradually enlarged to 
the full diameter. This enlargement should be proportioned so as to make the sides of the excavar 
tion, from the point at which the enlargement begins to that at which it terminates, form an angle 
of about 60° with the horizontal. By this means a kind of bracket is left for the support of the 
walling. Beneath this bracket the excavation is continued down of the fall diameter. When a 
depthhas been reached at which walling becomes necessary, a wedging curb is laid, and the walling 
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isbnilt upon ii, till the lower portion of the rock bracket ia azrived at Thia bracket is then out 
away in small portions at a time, and the walling carried up to the under side of the wedg^inf curb. 
During this peirt of the work, it will be necessary to support the wedging curb of the upper length 
of walling, at the points from which the rock has been remoTed,by vertical props set upon the lower 
walling. 

This portion of the sinking being in oomnact rock, the excavation will be carried on by means 
of blasting. The details of these operations nave been described under the head of Blastmg. The 
procedure in shaft sinking is precisely that followed in a heading, and the first operation consists in 
unke^ing the &ce, effected by angling the shot holes. The unkeying is from the centre of the fuoe, 
that IS, the bottom of the excavation. When the strata are highly iadined, however, it is better 
to unkcy from one side of the excavation. The water which flows into the workings must be col- 
lected into one place, both for convenience in raising it, and for the purpose of keeping the surface 
of the rock clear for the sinkers. The depression caused by the removal of the key serves for the 
purpose of collecting the water, and is called on that account the sump, or well. Into this sump 
the tub dips, or, if pumps are used, the suction hose is dropped. When the rook beds are highly 
inclined, tbe water gravitntes towards the dip side of the excavation, audit therefore beoomeeneoea- 
aary to place the aump in that situation. The unkeying of the rock from this direction is, more- 
over, favourable to the action of the shots under the conditions of highly inclined beds. In 
putting in the shot holes, care must be taken not to terminate them in, or nearly in, a bedding planer 
Decause when so situate the force of the charge expends itaelf along this plane. 

When the diot holes are bored by machine drills, the most favourable position for the holes can- 
not alwavs be adopted. 

The blasting, especially if the shot holes have been bored by machine drills, leaves the aides of 
the excavation in a very rough state. These will, therefore, require to be subsequently dieaaed down 
by hand with the pick and tiie wedge. 

The ainking and walling of the shaft will be continued through the rock until water-bearing 
beds are met with. Down to this point all the inflltering water has been raised to surface, without 
much difiiculty, in tubs, or by means of small pumps. But when heavy feeders are met with, it 
becomes important to stop them back. This is accomplished by a water-tight wooden or oast-iron 
lining, called tubbing, which is fixed in the shaft throughout that portion which passes throng^ 
the water-bearing beds. Brick walling has been appliM as tubbing, but is not suitable, and ia 
very rarely used. Wooden tubbing, in England, has o^en almost entirely abandoned in favour of oast 
iron. It IS, however, still very commonly adopted on the Oontinent of Europe, and where timber 
is plentiful. It is therefore desirable to describe this kind of tubbing, and the method of fixing it 
in the ahaSt, particularly as many of the operations of fixiog the tubbing are identical for both 
kinds. 

The sinking beneath the last wedging curb supporting the walling is carried down a few feet in 
a line with the inner face of the curb, to form a support for the latter, and then gradually laid off to 
the diameter, in the case assumed, of 15 ft. 6 in., for metal tubbing ; and to about the same diameter 
for wooden tubbing. From this point, the sinking should be carried down through the permeable bed 
to the impervious bed beneath with all possible speed. When a water-bearing is pierced, the water, 
which is often under great pressure, issues in great abundance into the excavation, and this abun> 
dance increases as the water clears itself a passage through the interstices of the rook. When the 
impervious bed has been reached, the sinking will be brought into its net siae of 13 ft. and con- 
tinued down till a good foundation is found for the wedging curb. At this point, the sinking, after 
being carried down 4 or 6 ft. farther to form a sump for the water, will be shorn back to receive the 
wedging curb. The latter is of oak, and similar to that used for the walling, but of somewhat larger 
section^ dimensions ; the joints require to be fitted with greater care, thin slit deals being placed 
between them, and the rock bed must be prepared and levelled with perfect accuracy for ite recep- 
tion. As the wedging has a tendency to lift the outer edge of the curb, the bed should have a slight 
inclination outwards, so that the upper surface of the curb maybe perfectiy level when the wedging 
is completed. 

When laid in position, the wedging curb should be everywhere about 2} in. i^m the aidea of 
the excavation, so as to leave an annular space of that width between it and the rock. Osre should 
be taken to see that the rock be perfectly sound in this part; if joints or small fissures exist, they 
must be well stopped with clay, or, in some cases, caulked with oakum. A ^ sheathing 1} in. 
thick is placed next the curb in the annular space between it and the rock ; the breadth of this 
sheathing is a little greater than the depth of the wedging curb, so that when in position it stands 
a little above the latter. When the shaft is circular, saw-cuts at every 8 in. across the sheathing, 
that is, at right angles to its length, vrill be required, to enable it to adapt itself readily to the ahi^w 
of the curb. The fir sheathing is forced Into close contact with the curb by means of wedges driven 
in at intervals, and the space between it and the rock is filled in with moss or with oaknm. Tlie 
moss must be forced in until it is incapable of further compression, when the wedges will have to 
be withdrawn, and their places also filled with moss. The prop, which is set upon the joint of the 
curb, and made to abut against the rock above, is needed to prevent the oorb fram rising during 
the operations of wedging. 

The curb is now ready for wedging, which is performed in the following manner. Between the 
curb and the sheathing, carefully prepared wedges are driven in, to force the sheathing and the 
moss behind it firmly back against the rock, so that the curbing, when finished, shall make a per* 
fectly watertight jomt The wedges are of soft wood ; poplar, where this is readily proonrmble, as 
in France ; and fir in other localities. It is essential that these wedges be uniform in dimenaionsL 
In form, thoae first applied will be broad and flat ; afterwards narrower wedges of a pointed Ibrm, 
called spiles, will be required. The flat wedges are inserted close together aU round the curb, the 
edge being slighUy driven in to keep them in position. When aU the wedgea are inaerted, they 
are driven in aa equally and aa nearly aimultaiieoualy aa poeaible. The next opention ia to doabla 
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the wedges. An iron wedge, of greater thickness than the wooden ones, is driven in for thepnr- 
pose of loosening the wooden wedge next to it, by taking the pressnre fh>m the sheathing, when 
this wedge is iVeed, it is taken out, and another one snbstitutea for it, head downwards. A second 
wedge of the same dimension is then inserted, point downwards, between the nptnmed point of the 
first and the sheathing. 

When the wedging has been completed np to this point, a qnadrangnlar iron wedge, steeled at 
the tip, is driven in suooessiyely between the flat wooden wedges, for the purpose of inserting the 
point of a fir spile. These spiles are driven into the interstices between every two wedges, until 
they refuse to penetrate farther. When these are all driven down, the whole of the curbing is 
tightly wedged in all direetions, and the moss has become so compressed as to be hardly visible ; 
the heads of all the wedges and spiles are then adzed down. Next, the heads of all the flat wedges 
are cleaved with a steel-tipped iron wedge, and oak spiles, previously well dried in an oven, are 
inserted in the cleft, and driven in as far as they willgo. The operation of cleaving the wedges is 
continued as long as a spile can be made to enter. When no more can be got in, the whole is adzed 
down to a level surfiaoe, and the curbing is then complete. Sometimes three such curbs are laid ; 
but commonly there are but two. It is important that the wedges should be put in dry, because 
when in that state their dimensions are at a minimum, and by swelling, on exposure to moisture, 
they still further tighten the joint. It is for this purpose that the last wedges inserted are dried in 
an oven. Precisely 1hei»me method of flxing the weaging curb is adopted when the shaft is poly- 
gonal, as frequently on the Continent. 

When the wedging curbs have been laid, the tubbing is built upon them. This tubbing consists 
of wooden curbs, constructed similarly to the wedging curbs, and built np one upon another 
throughout the whole length of the shaft to be tubbed. These curbs are generallv about 8 in. 
broad on the bed, and 10 in. in depth. They need not be all of the same depth, and their 
thickness will be determined by the pressure which they will be required to support, and will, 
therefore, diminish as the tubbing rises towards the surfaoe. The beds of the curbs snould be truly 
dressed, in order that a water-tight joint may be made subsequently by merely caulking it. When 
the height of the tubbing is considerable, a broader curb, called a bearing curb, is put in at inter- 
vals of 8 or 10 yds., and firmly wedged against the rock. These bearing curbs take the weight of 
the tubbing off the wedging curbs at the twttom. The space behind the tubbing is filled up with 
strong concrete. This concrete backing penetrates into every hollow and fissure, and on haraening 
it forms a strong protective casing around the tubbing. The existence of such a cadng greatly 
^Militates the operation of replacing a faulty curb after the completion of the shaft 

In the case of iron tubbing, the wedging curbs are of cast iron, and hollow, sometimes open on 
the outside and sometimes on Uie inside, and divided at intervals by partitions to give strength to 
the curb. The hollows between these partitions are filled with oak. In some cases, tho curb is not 
open on either side. Oenendly, these curbs are about 13 in. broad, and 6 or 7 in. in depth, the 
thickness of the metal being about 1| in. Cast-iron curbs are put together in segments, and laid 
upon a bed of )-in. fir sheathing. Oak sheathing is inserted between the joints, which are made firm by 
weJging. This sheatliing should be cut and placed in such a way that the {^rain may run towaxds the 
eentre of the shaft, and it should be made to taper from the outer towards the inner face of the curb, 
say from a thickness of I in. on the outside to f in. or ^ in. on the inside. The method of fixing the 
iron wedging curb is the same as that adopted for the wooden curb. Sometimes a wooden wedging 
curb is first laid, and an iron one then laid upon it ; more frequently, two iron curbs are laid one 
upon the other. 

The plates of the tubbing, like the wedging curbs, are cast in segments, the dimensions of 
which require from eight to twelve to form a cirole of tubbing. These segments vary from 12 in. 
to 36 in. in height, according to the pressure they are to withstand, and from } in. to 1} in. in 
thickness. They are smooth on the inside so as to form a regular smrface in the shaft, but on the 
outside, next the rock, are strengthened by ribs and flanges, supported by brackets. These flanges 
form the edges of the segment, and they should be cast perfectly true, so as to form a regular joint 
when two segments are brought into contact The top and one of the side edges are provided on 
the outside with a projection or flange, to retain the jonit sheathing and two adjoining segments in 
their positions. Every segment has a hole in the middle, to allow the water to escape during the 
operations of setting. This hole is made use of in lowering the segments and in placing them in poei- 




upon this bed all round the shaft, and flr sheathing, from } in. to | in. thick, is placed between 
the joints, in the same manner as was required for the wedging curb. In order to close up the 
joints and to steady the tubbing in position, two strips of wood, 1 in. thick and from 4 in. to 6 in. 
Dioad, may be placed behind the vertical joints, between the tubbing and the rode; and a third 
strip, thinned off towards the end to form a wedge, driven down between them. The space between 
the tubbing and the rock is next filled in with loose rock from the excavation, or preferably, witli 
guod concrete. When the latter lb used, it will be well to remove the wedginff strips behind the 
vertical joints as the concrete is put in. tlpon the top of this first course of tubbing, pine sheath- 
ing is laid to form the horizontal joints between the courses, and a second course is set up upon 
thu, and fixed in position in the same manner as the first The vertical joints of the second course 
must be over the middle of the segments forming the first course. These operations are repeated 
until the stone bracket supporting ttte wedging curb beneath the walling is reached. Th is rock is then 
out away sufficiently to afford room for the tubbing, leaving a portion of the tliickness to support 
the walling, and the tubbing completed up to the wedging curb. The joints have now to be 
tightened by wedging ; beginning at the bottom, incisions are made with a broad chisel in the 
sheathing, and broad flat wedges are driven into the defts thus mada These wedges are about 
4 in. broful and | in. thick at the head. When the joints have been filled with these, a square-pointed 
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steel tool is used to make freah inciaions, and spiles or square wedges of the same thickneaB are 
driven in wherever possible. The joints between the top course of tubbing and the wedging curb 
beneath the walling must also be tightly wedged. The plugging of the holes in the centre of each 
segment is also commenced from below. Wlien the head of water is great, there- is some diffi- 
culty in inserting the plug on accouut of the force with which the water issues. After the plug 
has been driven in as tightly as possible, the head is cleaved with a chisel, and an oak wedge 
driven into the cleft to increase the hold of the plug. Care must be ezeroised in pluggin^^ not to 
proceed too rapidly, because it is necessary that any air or gas that may i)e imprisoned behmd the 
tubbing should be allowed to escape. 

As the corroding action of water is very destructive te cast-iron tubbing, means must be adopted 
for protecting it. A thick coating of tar or of paint will be found sufficient in some situations, 
^^en the shaft is an upcast, and the mine is ventilated by furnace, or when there are engine fires 
underground, the destruction of Uie tubbing may proceed rapidly, and a lining of brick may be 
inserted ; but such a lining renders it difficult te repair the tubbing or to stop a leaky joint, and 
when a lining of this nature is contemplated, the diameter of the excavation must be determined 
accordingly. Sometimes a lining of wood is put in to protect the tubbing, and should oonaist of 
deals 2 iu. thick, having their edges properly bevelled to form close joints. 

Cast-iron tubbii^ is more difficult to construct and to repair than wood tubbing ; but it is far 
more durable under ordinary conditions, and it is capable of resisting a much greater pressure of 
water. The wood tubbing may be used with safety down to a depth of 100 yds. ; but for greater 
depths iron tubbing is alone suitable. The thickness of cast-iron tubbing will be determined, as 
for as the exigencies of practice will aUow, bv the pressure which it will be required to sustain. 
The following formula .gives the maximum tiuckness for segmente not exceeding 2 ft in depth, 
H being the head of water, and D the diameter of the shaft, in feet, and T the thickness of the phite» 

in inches ; — 

T = 0-35 + 000025HD. 

In practice, the thickness is generally varied at every 25 ft 

There remains to be described another method of supporting the sides of the excavation daring 
sinking to the stone head, adopted in the Lancashire districts, which dispenses with wood entirely, 
except for the walling curbs. This method is known as backcasing, and oorndsts in employing 
bricks laid dry, in the place of the wood required in curbing. 

The shaft is laid out with a diameter 20 in. greater than that required for the permanent 
walling, and carried down as far as the sides will stand safely. A walling curb, similar in 
construction to those described for the permanent walling, but of larger diameter, and smaller 
sectional dimensions, 9 in. x 8 in., is then laid upon a carefully levelled bed at the bottom of the 
excavation. A walling of dry bricks, one brick thick, is built up upon this curb to surface. The 
sinking is then resumed with a diameter equal to the inside of the curb, and continued down 
another 6 ft. At ihia depth, the sides of the excavation are shorn back at one part for a width 
equal to the length of one of the segments of the curb, and a segment of a new curb put in. Punch 
props will be required to support the curb beneath the walling at this point, from which the uuder^ 
tying bed has been removed. Upon this segment, a new length or course of walling lb then baill 
up, and tightly wedged to the first walling curb, so as to afibrd a good support to the latter. The 
wedges used for this purpose should be broad and thin, and preferably of fir. An adjoining portion 
of the sides of the excavation, equal in width to the first, is now shorn back, and a second segment 
of the curb laid and bolted to the first, and the walling carried up on this segment and joined by 
wedging to the upper curb. These operations are repeated until the whole of the curb has been 
laid, and the circle of walling put in. When this has been accomplished, the sinking is carried , 

down in a line with the inside of the curb through another 6 ft, and the sides shorn baiuc or walled 
as before upon a third curb. This mode of procure is continued until the stone head is reached. 
If the work has been carefully executed, this backcasing will be nearly as strong as the permanent ^■ 

walling. When the stone head has been reached, the permanent walling is ouilt up inside the 
backcatiing. Thus, unlike the wooden curbing, the brick backcasing is left behind the permanent ,; 

walling, whence ite name. The support afibrded by this system of backcasing is superior to that 
obtained from the wooden curbing. ;^^ 

In carrying a sinking down to the stone head through beds of quicksand, or loam saturated "^ 

with water, an enormous pressure develops itself against the timbering. Instead of placing the 
curbs at intervals apart of 3 ft., it may be impossible to exceed 6 in., or it may even be neoessaiy to 
place them in contact with one another. Also the strength of the curbs must be augmented by 
increasing their dimensions up to a sectional area of 6 in. x 6 in. The fiuid ohaiacter of the sand ^ i 

constitutes a very great difficulty in sinking, because the issue of the sand into the exoavatioD 
occasions the falling in of the sides and the surface, besides the necessity which it creates of :f < 

removing an indefinite quantity with the water to be lifted. When the water is under great '^ 

pressure, this difficulty is insurmounteble. 

There are several methods of sinking through quicksand, but the general and moat effective^ 
when the sands 'exist near the surface, is by piling; that is, by driving ^ju^s close together ".^ 

vertically around the shaft, and supporting tboso internally with curbs. When this method of 
passing through tlie loose rock is to be adopted, the shall must be laid out of a sufficiently large 
diameter to allow of the succotsive reductions which will have to be made at each coarse of piling. .'^^^ 

To do this ac*curately, it is necessary to know exactly the thickness of the beds, which must m ^'^^ 

ascertained from oxiHting shafte in the locality, or if none be available for that purpose, by borinci^ cf »; 

It is seldom that tho fbrnior source of information is sufficient, and preliminary borings may be . *^^ 

rep:arded as gonerully necc ssary. As tho curbs to be used are 6 in. x 6 in., and the pilinga 3 In. ^ ^ 

thick, every fresh course of piling will diminish the diameter of tho excavation by 18 in. With 
piles 15 ft. long, a fresh course will be required at about every 12 ft, so that the reduction of the 
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A SUPPLEMENT 



TO 



SPONS' DICTIONARY OF ENGINEERING, 

CIVIL, MECHANICAL, MILITARY, AND NAVAL. 



T^HE success which has attended the publication of * Spons' Dictionary 
OF Engineering' has encouraged the publishers to use every effort 
tending to keep the work up to the standard of existing professional 
knowledge. As the Book has been now some years before the public 
without addition or revision, there are many subjects of importance which, 
of necessity, are either not included in its pages, or have been treated 
somewhat less fully than their present importance demands. With the 
object, therefore, of remedying these omissions, this Supplement has been 
prepared. Each subject will in it be treated in a thoroughly comprehensive 
way; but, of course, without repeating the information already included 
ia the body of the work. 



The new matter will comprise articles upon 

A^acQs, Counters, Speed Indi- 
cators, and the Slide Rule. 

^Sncdtoral Implements and 
Machinery. 

^Compressors. 

Artesian Wells. 

BttQ Machinery. 



Barometers. 

Baths and Wash-houses. 

Belting. 

Blasting. 

Brakes. 

Breakwaters. 

Brick Machinery* 



Bridges* 

Canals. 

Chimneys. 

Contractors' Plant 

Docks. 

Drainage. 

Dredging Machmery« 



Electric Lighting and its Prac- 
tical Details. 
Explosives. 
Foundations. 
Gasworks. 
Gauges. 
Gearing. 

Hammers Worked by Power. 
Hand Tools. 
Harbours. 
Hydraulics. 

Ice-making Machinery. 
Indicators. 
Iron. 

Irrigation. 
Lace Machinery. 
Landing Stages. 
Lifts, Hoists, and Elevators. 



Lighthouses. 

Machine Tools. 

Metallurgy. 

Meters. 

Mills. 

Mining Machinery. 

Ovens. 

Paper Machinery. 

Peat Machinery. 

Piers and Breakwaters. 

Pile Driving. 

Pneumatic Transmission. 

Presses. 

Pumps. 

Quarrying. 

Railway Rolling Stock. 

Rivers. 

Rock Drills. 



Roofs. 

Sanitary Engineering. 

Shafting. 

Silk Machinery. 

Spinning Machinery. 

Steam Engines. 

SteeL 

Sugar Machinery. 

Telegraphy.. 

Tramways. 

Tunnelling. 

Valves. 

Ventilation. 

Water Supply. 

Weaving Machinery. 

Woodworkmg Machinery. 

Woollen Machinery. 



by Engineers who have had particular practice in each specialty, and the 
Editorial charge has been committed to the gentleman who superintended 
the completion of the original work. 

Contributions and suggestions will be received with every attention; 
and Engineers or Machinists interested in Plant, Engines, Tools, or 
Machines having special features, are invited to direct the Editor's attention 
to the same, by a letter addressed to him at 46, Charing Cross. 

These arrangements will, it is hoped, secure for the Supplement to 
*Spons* Dictionary of Engineering* the same substantial support accorded 
to the original work, and no pains will be spared by the Publishers to secure 
this result. 
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